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ABSTRACT

The effect of premovement target location information on the
planning and execution of visually directed pointing movements
was examined for healthy young and elderly adults, and adults
with mild or moderate Alzheimer's disease (AD), or Parkinson's
disease (PD). A response cuing paradigm, modified from Posner
(1980) was used in two experiments. In both experiments,
targets were presented in an arc-like fashion above a visual
fixation point at which informational cues (arrow) indicated
the probable location of the upcoming target (valid - 60%,
invalid - 20%, neutral - 20%). Subjects were instructed to
maintain their gaze at the fixation point until the actual
target position was indicated and then to point quickly and
accurately to the target. In one experiment, the target was
indicated by a change at the target position (exogenous
orientation) and in the other, was indicated by information
presented at fixation (endogenous orientation). Finger
position in three dimensional space was sampled by two
WATSMART cameras at a rate of 200 Hz and stored on a computer
for analyses. Data were analyzed using General Linear Models
Repeated Measures Multivariate Analysis of Variance. Group and
cue validity were independent variables. Reaction time (RT),
movement time (MT), peak velocity (PV), percent deceleration,
and resultant error were dependent measures. Overall
differences among the groups for RT, MT, and PV were noted.
Exogenous overt orienting had a RT advantage for all groups
compared with endogenous overt orienting. All groups were able
to use cued information to facilitate movements. For exogenous
overt movements, healthy elderly, mild AD and PD subjects made
all necessary changes to a preplanned program (i.e., invalid
cue) prior to movement initiation, with magnitude differences
being evident between the groups. The young and the moderate
AD subjects made some changes prior to initiation but made
adjustments during execution as well, with the AD group taking
much longer to initiate and complete movements than the young.
For the endogenous paradigm, healthy elderly subjects made all
necessary changes prior to initiation while the young and the
mild AD groups made some changes prior to initiation and
further modifications during execution, with the AD group
taking much longer. The PD group made no changes prior to
initiation but made all necessary modifications during
movement execution. The moderate AD group were not able to
perform this endogenous task, suggesting a hierarchy of
decline with disease progression. The experiments used were
able to distinguish subtle differences in the effects of
premovement visual cues on manual aiming movements with the
healthy aging process and among AD and PD groups. An
exploratory examination of the laterality of target position
relative to the body midline and of the meridian effect was
conducted.

xiii
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Chapter 1
GENERAL INTRODUCTION

Responding to external visual stimuli is a critical part
of motor performance in our daily lives. Indeed, our survival
depends, in part, on our ability to effectively plan, correct,
and carry out movements in space (e.g., eating, grasping and
manipulating objects). As Posner and Cohen (1980) point out,
there is a "beautiful coordination in daily life between hand
and eye and attention" (pg. 255). Deficits in visuospatial
abilities can have a negative impact on many of our basic
activities of daily living (Cummings & Huber, 1992).

Visual attention is clearly linked to motor performance.
It has been shown to be important for the detection of an
object or an event occurring at a particular spatial location.
Posner (1980) postulated that visual orienting must occur
before detection is possible, and Navon (1985) pointed out
that "to attend is to select for processing" (p. 134). How do
attention and information about objects or locations in space
affect our movements to those objects or locations? More
specifically, how are our hands directed to objects and
locations in our environment? We seem "automatically" able to
reach out and touch or grasp objects (e.g., light switches,
drinking cups, computer keys) with great accuracy, and without
any noticeable attention, effort, or cognitive planning. We
know that vision specifies the spatial locations of targets

and limbs and provides feedback that allows us to make
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2
corrections to movement trajectories (e.g., Abrams, 1992;
Carlton, 1992). What other processes or mechanisms influence
the manner in which we execute movements? How are these
processes or mechanisms affected or influenced by the process
of normal aging and by neurodegenerative disorders such as
Alzheimer's Disease (considered as primarily a disorder of
cognitive abilities) and Parkinson's Disease (considered as
primarily a disorder of motor function)?

This thesis investigated the effects of providing advance
information and of covert shifts of visual attention on
discrete pointing movements (motor programming) with the
dominant (right) index finger. Four subject groups were
investigated: 1) healthy young individuals, 2) healthy elderly
individuals, 3) individuals with Alzheimer's Disease, and 4)
individuals with Parkinson's Disease. A paradigm was developed
that integrated a covert orienting of visual attention task
(modified from Posner, Nissen, & Ogden, 1978) with a manual
aiming task. Since manual aiming is an important part of our
repertoire of everyday movements, results of this paradigm
provide insights into some of the questions about how human
movements are produced and how they are influenced by visual
attention in the four populations used in this study.

The research on visual attention and motor functioning
that has been conducted previously on young healthy
individuals will be discussed in the following introductory

chapter. The specific literature relating visual attention and
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motor functioning with healthy aging, Alzheimer's Disease, and
Parkinson's Disease will be discussed in subsequent chapters,
each of which is devoted to one specific group. Results of the

four groups will be compared and contrasted.



Chapter 2
INTRODUCTION

In order to understand fully the interaction between
attention and motor performance, it is necessary to review
each of these processes and the current research pertaining to
each in some detail.

VISUAL AT TON

Attention has been referred to in many contexts. It has
been considered to be a selective process, a laborious
process, or an alerting and sustaining process (Umilta, 1988).
The focus of this thesis will be on visual selective attention
to positions in space.

Overt and Covert Shifts of Visual Attention

A good historical overview of research on attention is
provided by Wright and Ward (1994). As they describe, the
finding that covert shifts of attention are possible was
recognized as early as 1866 when Hemholtz noted that he was
able to direct his attention to a group of letters prior to
having had time to move his eyes to the letter group. In 1890,
James pointed out that attention could be controlled either
voluntarily (i.e., endogenously) or involuntarily (i.e.,
exogenously) . Following in this vein, Titchner, in 1910, noted
that visual attention could be "captured" by the sudden onset
of a stimulus (i.e., exogenous stimulus). This historical work
provides the basis for current empirical studies on the

orienting of visual attention which began in the 1970's, most



notably, the investigations by Posner and his colleagues.

shifts of visual attention to positions in space can be
either overt (i.e., both the fovea of the eyes and attention
are directed to a specific area in visual space) or covert
(i.e., attention is directed to a specific area in visual
space without the eyes moving to foveate a target). Both types
of attentional shifts are considered to enhance processing of
a change in visual information at that specific position in
space (e.g., Posner, Nissen, & Ogden, 1978; Posner, 1980;
Posner, Snyder, & Davidson, 1980).

Both overt and covert orienting of attention can be
controlled by either exogenous or endogenous means. Exogenous
(i.e., involuntary) control is exerted by external sensory
stimulation (e.g., a sudden change in the peripheral visual
environment), and draws either the individual's attention
(i.e., covert orienting) or both the individual's attention
and gaze (i.e., overt orienting). In contrast, endogenous
(i.e., voluntary) control is exerted by internal cognitive
processes. It involves the individual making a voluntary
decision to shift attention (i.e., covert orienting) and/or
gaze (i.e., overt orienting) to a particular position in space
(for a review, see Klein, Kingstone & Pontefract, 1992).

In the current research, endogenous precues (i.e.,
premovement information presented at a central point in the
visual field) designed to elicit covert shifts of visual

attention, are paired with target stimuli that elicit overt



6
orienting (aimed movements) either exogenously (i.e., target
location indicated at a peripheral visual location) or
endogenously (i.e., target location indicated by information
presented at centre).

Posner's Covert Shift of Visual Attention Paradigm

Posner and colleagues (Posner, Nissen & Ogden, 1978)
developed a procedure for studying the covert orienting of
visually directed attention. In this paradigm, a central
visual precue (i.e., endogenous precue) is presented that
provides one of three types of information about the location
of the future target: a neutral precue (providing no
information, indicated by a plus sign), a valid precue
(providing correct information, indicated by an arrow), or an
invalid precue (providing incorrect information, indicated by
an arrow). In order for the informational precue to induce the
orienting of attention, the probability that it will provide
correct information (valid) must be greater than the
probability that it will provide incorrect (invalid)
information (e.g., Rafal & Posner, 1987).

The effects of informational precues are examined by
conducting "cost-benefit" analyses. These analyses are
accomplished by conducting the following comparisons: a) the
differences between reaction time (RT) in the valid condition
and RT in the neutral conditiqn (termed "benefits"); b) the
differences between RT in the invalid condition and RT in the

neutral condition (termed "costs"); and c) the differences
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between RT in the invalid condition and RT in the valid
condition (termed "costs plus benefits") (Posner, Snyder &
Davidson, 1980).

"Benefits" refer to the RT advantage provided by the
valid precue and are considered to result from the covert
shift and engagement of attention to the correct spatial
location, prior to target onset (Wright, Burns, Geffen, &
Geffen, 1990). This shift and engagement of attention at a
specific location in space provides a facilitation (or
activation) of that 1location which allows events to be
processed (or detected) more quickly at that location than at
non-attended locations (Posner & Snyder, 1975). "Costs" refer
to the RT disadvantage on invalid trials and are considered to
result from a covert shift of attention to the wrong spatial
location and the required disengagement from that wrong
location, followed by a shift of attention, and re-engagement
of attention at the correct spatial 1location, prior to
responding to the target stimulus (Clark, Geffen & Geffen
1989).

The "cost" and "benefit" analyses are based on the
premise that the neutral cue provides only a warning signal
about the future target's onset but provides no location
information about the future target (Jonides & Mack, 1984;
Wright, Richard, & McDonald, 1995). However, it has been
questioned whether the neutral cue is "truly neutral®" and,

therefore, whether it is an appropriate baseline for
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calculating separate "costs" and "benefits" (Gawryszewski,
Riggio, Rizzolatti, & Umilta, 1987; Jonides & Mack, 1984;
Posner, 1986; Wright, Cremona-Meteyard, Geffen & Geffen,
1994). "Costs plus benefits" provide a measure of the time
required for the various operations involved in covert
orienting of attention. Due to its disregard for the neutral
cue, it has been considered by some researchers to be a better
measure of the effects of cuing than separate "costs" and
"benefits" (Jonides & Mack, 1984; Posner, 1986).

Covert Shifts of Visual Attention

Inherent in Posner's precuing paradigm is the assumption
that covert orienting of attention to the correct target
location facilitates processing of information at that
location (via the activation of neural pathways used to
process the future target) and that covert orienting to the
incorrect location impedes performance due to the need to
disengage, shift and reengage attention on a new target
location. This assumption leads to the prediction that RT will
be faster in the situation where attention is considered to be
correctly oriented (i.e., valid precue condition) compared
with the situation where attention is considered to be
incorrectly oriented (i.e., invalid precue condition).
Consistent with predictions, results of covert orienting of
attention studies with healthy young subjects have
consistently found RT to be faster to validly precued targets

than to invalidly precued targets. In these studies, RT for
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neutral precues has often been found to fall between the RT of
valid and invalid precues (e.g., Buckolz, Hewey, Khan, &
Alain, 1994, experiment 1; Klein & Hansen 1990; Klein &
Hansen, 1987, experiments 1 and 2; Posner, 1980; Posner et
al., 1980; Shepherd & Muller, 1989, experiment 1; Klein,
1994) . However, the finding that RT to neutrally precued
targets falls between that of validly and invalidly precued
targets has not always held true (e.g., Greenwood,
Parasuraman, & Haxby, 1993; Robin & Rizzo, 1992;
Tellinghuisen, Zimba, & Robin 1996).

Posner's paradigm and "cost-benefit" analyses have been
used to investigate the components of, and the neural
substrates involved in, covert orienting of attention.

Cerebral ILocalizatjon of Covert Orienting Of Vjisual
Attention

Posner, Walker, Friedrich and Rafal (1984) have
postulated that the orienting of attention involves three
internal processes: a) the disengagement of attention from a
location in space; b) the shifting/moving of attention to
another location in space, and; c) the engagement of attention
on the new spatial location. They consider that the three
component processes function in the following manner. When an
informational cue is provided, a person will shift attention
to that location. If the cue is later determined to be valid,
the person will then engage attention to that location. If the

cue has been invalid, the person will then be required to
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attention to the correct location and then engage it on the
actual target. When no information is provided (neutral
precue), upon target presentation, the person will shift
attention to the target location and then engage attention on
the térget. This conceptualization allows for the quantitative
analysis of these three processes (disengage, shift/move and
engage) using the Posner et al. (1978) paradigm and "cost-
benefit" analyses. This framework has been used in studies
(with both human and non-human animals) investigating the
anatomical localization of these three hypothesized component
processes involved in covert shifts of visual attention.

The results of numerous studies conducted on non-human
animals have linked the parietal lobe with the disengage
operation of covert shifts of attention, the midbrain
(including the superior colliculus) with the move or shift
operation, and the thalamus with the engage operation (for a
review, see Colby, 1991). Following these investigations with
non-human animals, Posner and colleagues have examined these
processes in different groups of humans who have specific
lesions to each of these three brain regions.

Posner, Walker, Friedrich and Rafal (1984) conducted
experiments that provide support for the notion that the
disengage operation is 1localized to the parietal 1lobes.
Subjects were six individuals with lesions to the right
parietal lobe and seven with lesions to the left parietal

lobe. Neurological control subjects were three individuals
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with frontal lobe lesions (two right and one left hemisphere)
and four who had undergone temporal 1lobectomies for
intractable seizures. In their experiments, subjects were
presented with a display that consisted of a central fixation
box and one box to the left and one box to the right of
fixation. Subjects were instructed to maintain their gaze at
fixation and to respond to targets (a bright asterisk
presented in either the left or the right box) by pressing a
key as quickly as possible with the index finger of the hand
ipsilateral to the lesioned side. For each trial, an
informational precue was presented (the brightening of one of
the boxes for 300ms) that was intended to direct the subjects'
attention to one of the two peripheral positions. Cues were
80% valid and 20% invalid. The stimulus-onset asynchrony (SOA)
was 150ms, 550ms, or 1000ms. Targets remained on until the
subject responded or for up to five seconds. Results indicated
that, for subjects with parietal lesions, validly cued targets
presented on the ipsilesional side had a slight RT advantage
over valid targets presented on the contralesional side. RT
decreased for valid trials as the SOA increased, and this
decrease was equivalent for ipsilesional and contralesional
targets. These results led Posner et al. (1984) to conclude
that there was no deficit in the shift/move component of
orienting of attention for subjects with parietal lesions. The
parietal lesion subject group showed a large increase in RT to

invalidly cued trials when the cue was ipsilesional and the
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target contralesional compared with trials where the cue was
contralesional and the target was ipsilesional. Although this
difference was noted for both left and right parietal lesion
groups, the difference was greater for the right-side lesion
group. These differences in the invalid trials were not found
in the neurological control subjects. Posner et al. (1984)
interpreted this result as an indication of a deficit in the
disengage process for individuals with parietal lobe lesions.
Posner et al. (1984) suggested that the engage process can be
investigated through an examination of the RT differences
between the valid targets in the contralesional and
ipsilesional fields at long SOA's. When the SOA is prolonged,
subjects are considered to have completed the shift/move
component and thus have only to engage on the target. Results
of their data indicate that, on average, RT to contralesional
targets was longer than to ipsilesional targets, for the
1000ms SOA, which would be consistent with a deficit in the
engage process. However, Posner et al. (1984) point out that
two of the parietal subjects who had disengagement deficits
did not have engagement deficits. This led them to conclude
that the parietal lobe does not necessarily affect the engage
process. The graphic presentation of data by Posner et al.
(1984), to illustrate the results of the left and right
parietal lesion groups separately, show that the right
parietal group had a greater RT difference between the valid

trials for contralesional and ipsilesional targets at the
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1000ms SOA than at the 150ms and 550ms SOA's. However, the
graphs do not include error bars which makes it difficult to
comment on the significance of this difference (and these
actual values are not reported). The graphic presentation of
the left parietal lesion group shows that there were no
differences between the valid cues for contralesional and
ipsilesional targets at the 1000ms SOA. This would suggest
that the deficits in the engage operation are associated more
strongly with the right than left parietal lobe. From their
results, Posner et al. (1984) concluded that the parietal lobe
is "particularly important" for the disengagement of attention
and less important for the move and engage operations of
attention. An inspection of their data suggests that the right
parietal lobe is involved in both the disengage and engage
operations and likely in the move operation. However, as the
authors point out, results suggest that the greatest influence
of the parietal lobes is in the disengage operation.

Posner, Walker, Friedrich and Rafal (1987) conducted a
similar study using seven subjects with parietal lobe lesions
and ten neurologically intact controls. The experimental set
up consisted of a central visual fixation position (a "+"
sign) and three boxes on each side of fixation. Cues were a
brightening of one of the peripheral boxes. Targets were the
filling in of one of the boxes. For invalid trials, the target
was always the centre one of the three boxes. Subjects were to

respond to the target by pressing a key (with the index finger



14
of the hand ipsilateral to the lesion) that was positioned at
the subject's midline. The parietal subject group showed a RT
disadvantage for invalid trials where the target was contra-
lesional compared to when the target was ipsilesional. There
was no such difference for the control group. This provided
further support for the localization of the disengage
operation to the parietal lobes.

Rafal, Posner, Friedman, Inhoff and Bernstein (1988) have
provided evidence that, they suggest, links the shift/move
operation of covert orienting of attention to the midbrain
area including the superior colliculus. Subjects were eight
individuals with Progressive Supranuclear Palsy (PSP - a
degenerative disease that affects subcortical nuclei of the
basal ganglia and the brainstem) and eight neurological
control subjects with Parkinson's Disease (PD). One feature
that distinquishes PSP from PD is that PSP is associated with
ophthalmoplegia, particularly for vertical movements. This
symptom is associated, in PSP patients, with the degeneration
of the superior colliculus and peritectal region. PSP patients
have also been shown to have deficits in visually guided
behavior (e.g., failure to turn toward others) that is
independent of eye movements. Rafal et al. (1988) investigated
whether the midbrain areas affected either exogenous or
endogenous orienting. They hypothesized that the midbrain was
associated with exogenous orienting (which is reflexive and

requires no cortical processing) but not with endogenous
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orienting (which requires cortical processing). Their paradigm
consisted of a central fixation point (a "+" sign) and four
boxes (one above, one below, one to the left and one to the
right of fixation). Subjects were to press a key with the
index finger of the preferred hand when they detected the
target (an asterisk in one of the 4 boxes). In the exogenous
condition, the precues consisted of a brightening of one of
the boxes and were not predictive of future target location
(50% probability). This, Rafal et al. (1988) hypothesized,
would allow any cuing effects to be attributed to automatic
orienting. In the endogenous condition, an arrow precue
(pointing to one of the four directions) appeared at fixation.
The cue was predictive of future target location (80%) and
provided invalid information on 20% of the trials. Any effect
of cues in the endogenous condition (since the cues were not
associated with a change in luminance and were thought to
induce expectancy), were, thus, hypothesized to be due to the
endogenous orienting of attention. Orienting in the vertical
and horizontal planes were compared. Results indicated that
the RT "costs plus benefits" (i.e., invalid minus valid) were
smaller for the vertical plane than for the horizontal plane
for PSP subjects but not for PD subjects. This difference was
due to longer RT in the valid condition in the vertical plane
for PSP patients. Rafal et al. (1988) concluded that these
results were indicative of a deficit in the shift/move

function for the PSP subjects. The effect for the vertical
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plane was larger for exogenous than endogenous cues. There was
no effect of cue until 150ms SOA for endogenous cues and until
350ms SOA for exogenous cues (to vertical targets). This was
compared with an effect of cue at 50ms SOA for the horizontal
fieldA for both exogenous and endogenous cues. There was no
difference in RT's for invalid trials between the vertical and
horizontal planes for the PSP group (indicating no deficits in
the disengage operation). Results were interpreted to indicate
that midbrain areas are associated with the shift/move
operation of covert orienting of attention and have a greater
effect on exogenous than endogenous orienting. Rafal et al.
(1988) point out, however, that since PSP patients did not
orient efficiently to the vertical cues, they may not have
performed the disengage operation normally.

Rafal and Posner (1987) found evidence to suggest that
the thalamus is involved in the engage operation of attention.
As previously stated, the engage operation is investigated by
examining the differences in RT to contralesional and
ipsilesional targets (for both valid and invalid cues) at long
enough intervals between cue and target for attention to have
been shifted/moved to the target. Longer RT's to contra-
lesional targets compared with ipsilesional targets suggests
a deficit in the engagement operation after the shift/move
operation is, presumably, completed. Subjects were three
individuals with unilateral thalamic damage. The experiment

consisted of a central fixation point ("+" sign) with one box
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on the left and one on the right of fixation. The cue (valid
or invalid) was a brightening of one of the two boxes and the
target was an asterisk in one of the two boxes. SOA's were
s0ms, 150ms, 500ms and 1000ms. Subjects were to press a key as
quickly as possible with one finger of the preferred hand when
the target was presented. Results indicated that RT's for
contralesional targets were slower than for ipsilesional
targets for both valid and invalid trials (i.e., whether
attention had been cued to that location or not). This was
true even at long SOA's. Rafal and Posner (1987) concluded
that the subjects had difficulty engaging attention and that
the thalamus is involved in the engagement of attention.
Examining the RT for invalid trials compared with valid trials
revealed that RT was longer for invalid than for valid trials
in the contralesional field for the short SOA's (50ms, 150ms)
but not for longer SOA's (500ms, 1000ms). Although longer RT
to contralateral invalid targets is consistent with a
disengage deficit, this longer RT was not present at longer
SOA's, and the difference between the valid and invalid
contralateral trials were less than those of the parietal
subjects used in other studies (e.g., Posner et al., 1984).
This led Rafal and Posner (1987) to conclude that, while the
thalamus has a role in the disengagement of attention, this
role is less than that of the parietal lobe. They suggested
that the thalamus may act indirectly on the parietal lobe to

produce a deficit in the disengage operation and that the main
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role of the thalamus is in the engage operation.

Results of the work of Posner and colleagues on the
localization of the anatomical networks involved in the visual
orienting of attention using human subjects with lesions to
specific areas of the brain are consistent with results of
numerous studies using non-human primates (for a review, see
Colby, 1991). The results of the animal and human work in this
area led Posner and colleagues (Posner, Petersen, Fox, &
Raichle, 1988) to hypothesize that three areas (the posterior
parietal cortex, superior colliculus, and thalamus) make up
the visuospatial attention system. Further, they propose the
following hierarchy of operations (and their related
anatomical substrates) in the covert shifting of visual
attention: the parietal 1lobe is responsible for first
disengaging attention from its current location; the midbrain
then functions to shift/move attention to the target location;
and then the thalamus is involved in engaging attention on
that new location (Posner and Petersen, 1990, Posner, 1995).
while each of these three areas (parietal lobe, midbrain, and
thalamus) have been specifically related to the three
component operations of covert orienting of attention
(disengaging, shift/move, and engage), it is important to
recognize that all three areas are intimately interconnected
and have numerous afferent and efferent connections with
numerous cortical regions (Posner, 1989). This can be seen in

each of the human studies reviewed above. Although each of the



19 .
three brain areas was considered to be "most" responsible for
one of the operations of the covert orienting of attention,
the authors pointed out that each was also involved (to a
lesser extent) in at least one of the other three component
processes.

The results of work on the localization of the cerebral
areas associated with the functions involved in the covert
orienting of attention have important implications for the
investigation of visual attention in groups with known or
suspected pathology affecting various subcortical and cortical
brain regions, and seems to have merit for developing a better
understanding of the behavioral disturbances associated with
these disorders. Of particular importance to this thesis is
that this research provides the rationale for using subjects
with Alzheimer's (AD) and Parkinson's disease (PD). AD is
known to involve the parietal lobes (e.g., Haxby, Grady,
Horowitz, Schapiro, & Rapoport, 1988) and the thalamus (e.g.,
Kuljis, 1994). PD is known to have involvement of the midbrain
areas (Feldman et al., 1997). The specific pathology
associated with Alzheimer's and Parkinson's diseases will be
discussed in detail in the relevant subsequent chapters.

MERIDIAN EFFECT

When investigating the allocation of attention in visual
space, the topic of the meridian effect is prominent. The
meridian effect is an increased "cost"™ in RT when the cue and

target are separated by the vertical or the horizontal
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meridian, as compared to when the cue and target are the same
distance apart but within a quadrant. The meridian effect
assumes that attention has been shifted to the cued location
and that a motor response (usually of the eyes) has been
prepared. Studies investigating the meridian effect have
consistently found this effect to be present in paradigms
pairing endogenous precues with exogenous targets (Reuter-
Lorenz & Fendrich, 1992; Rizzolatti, Riggio, Dascola, &
Umilta, 1987; Umilta, Riggio, Dascola, & Rizzolatti, 1991),
and to be absent in paradigms pairing exogenous precues with
exogenous targets (Reuter-Lorenz & Fendrich, 1992; Umilta et
al., 1991).

Umilta et al. (1991) suggest that the absence of the
meridian effect for exogenous (i.e., peripheral) precues is
due to an early inhibition process that is triggered by the
peripheral precues. This inhibition process has a greater
effect when the precue and the target are presented in the
same hemifield (i.e., increasing the RT so that it does not
differ from situations where precue and target are presented
in opposite hemifields). Reuter-Lorenz and Fendrich (1992)
have suggested that the lack of a meridian effect for
exogenous precues indicates that attentional reorienting and
saccadic programming are separate processes that are conducted
in parallel. Further, they suggest that attention may be made
up of component processes that operate differently with

central and peripheral precues in that the spatial
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computations needed to make a decision on the location of the
precued target may be more complex for central precues than
for peripheral precues. This view is similar to that of Klein
(1980) and Klein and Pontefract (1992), who view covert
orienting of attention and eye movements as separate processes
and who have also suggested that exogenous and endogenous
orienting behave in distinct manners from each other.

Rizzolatti and colleagues (Rizzolatti, Riggio, Dascola,
and Umilta, 1987) suggest that the meridian effect results
from changes in motor programs. They propose that, when a cue
is presented, a motor program is prepared (usually an eye
movement). If the target is then presented at a different
location but in the same hemifield as the cue, there must only
be a modification in the degree of activation of the
previously selected muscle groups. If the target is presented
in the hemifield opposite the cued hemifield, however, then
different muscle groups than those previously selected must be
chosen and activated. Thus, RT to targets in the hemifield
opposite the cue are longer due to the additional time
required to select and activate new muscle groups compared to
making modifications to those already selected (when the cue
and target are in different positions in the same hemifield).

To date, the studies of meridian effects have focused on
RT paradigms that examine ocular movements and that use a
button press for the manual response. As well, the literature

to date has been exclusively concerned with manual and
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saccadic responses to peripherally presented targets
(following either exogenous or endogenous cues). Kinematic
paradigms have not yet been used to investigate the meridian
effect. This study is the first to use kinematic analyses to
investigate the meridian effect and the first to compare
responses that do or do not cross the vertical meridian from
a cued location (and prepared response) using both peripheral
targets and purely endogenous response signals. As this study
is the first to examine such issues and the number of trials
available to test the meridian effect in this thesis are
relatively small, this investigation is considered exploratory
in nature.

OTO (6)

Human motor performance is the result of numerous
interactions within a complex system of cognitive processes
and physiological mechanisms. In simple terms, this system
involves three basic processes. First, information from the
environment is received via perceptual sensory mechanisms.
Next, this information is processed and a response is planned
(via central decision mechanisms). Finally, this planned
response is executed via effector mechanisms (Marteniuk,
1976) . Feedback (i.e., information an individual receives
about their ongoing performance) can play a role in this
communication system by allowing an individual to modify a
response plan and/or its execution. Whether feedback is used,

or how effectively it is used, depends on many factors (e.q.,
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type of feedback available, time available to use the
feedback, integrity of the systems processing the feedback).
When discussing motor response planning and the mechanisms for
modifying these plans via feedback, the term most often used
is "motor programming". What is meant by this term?

Motor Programming

Like the term "attention", the term "motor programming"
has been used in many ways, with no single agreed-upon
definition. Motor programming often refers to differing
processes depending on the theory or discipline of the
investigator (e.g., cognitive psychology, neuroscience,
physiology, kinesiology). Shaffer (1992) somewhat aptly
states, "the term motor programming is nowadays used so
loosely it is in danger of losing its meaning" (p. 181). While
the specific actions represented in a motor program are not
clear (Semjen & Gottsdanker, 1992), inherent in any definition
of the term is the idea that, prior to movement initiation,
individuals formulate a movement goal and the details of how
the movement will be executed to best meet this goal.

Many theories of motor programming have been proposed.
The closed-loop theory postulates that movements are executed
by comparing the kinesthetic feedback from an ongoing movement
to the "memory" or internal representation of a movement, with
errors being corrected when detected. In contrast, the open-
loop theory suggests that movements are controlled by central

mechanisms without the use of feedback (for a review, see
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Summers, 1989). Generally, discrete movements (such as
pointing) have been considered to be composed of both an open
loop or "ballistic" phase (where the movement is fast with no
time for corrections) and a closed loop or error correcting
phase (where the movement is slower and corrections can be
made based on sensory feedback) (Glencross & Barrett, 1989).
Many models of motor programming suggest that this
function is hierarchical in nature. For example, Schmidt
(1975) proposed a hierarchically structured generalized motor
program theory. This theory is based on a "schema" ( Schmidt,
1975) and postulates that the general characteristics of a
movement are stored in memory (e.g., joint angles, degree of
muscle contraction). According to this theory, a higher level
v"executive" chooses movement patterns from schema memory and
a lower level "effector" executes movements based on these
chosen patterns. Arbib (1985) has proposed a distributed
control model of motor programming where feedback and
feedforward interactions take place at many levels of the
central nervous system simultaneously, in what has been
described as an "action-perception cycle". Combining these two
above-described models has led to the suggestion that the
texecutive"” makes voluntary decisions and detects response
selection errors (which take approximately 200 msec to
correct) and the lower level "effector" operates in parallel
with the "executive" and uses feedback from mechanisms at the

spinal-level (for review, see Summers, 1989).
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Numerous neurophysiological studies have investigated the
anatomical areas associated with differing aspects of motor
programming. Upon reviewing and integrating findings from both
the information processing and neurophysiological approaches,
Requin (1992) outlined a hierarchically organized multilevel
system theory of motor programming that relates the
information processing stages to neuroanatomical regions.
According to his conceptualization, at the highest level (the
response selection stage), abstract representations of motor
actions are retrieved from memory. This stage of processing
has been postulated mainly to involve frontal and parietal
association cortex. At the intermediate level (the movement
readiness stage), motor actions are specified in terms of
general classes of movements rather than in specific terms.
This stage has been postulated to involve the premotor cortex,
primary motor cortex, and the parietal association cortex. At
the lower level (the movement execution stage), motor actions
are represented by patterns of activation of motor units. This
stage is said to reflect primary motor cortex, premotor
cortex, and posterior parietal area. The specific relationship
between motor units and peripheral effectors has not been
precisely identified. In summary, Requin (1992) suggests that
the parietal cortex is involved in response selection,
movement readiness, and movement execution while the frontal
cortex is involved in response selection only.

Requin's (1992) assertions -are consistent with the
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results of neurophysiological research such as the studies
using single cell recordings in monkeys. For example, both
visual dominant and motor dominant neurons have been located
in the posterior parietal lobe (Sakata, Taira, Mine, & Murata,
1992) as well as neurons involved in the visual guidance of
hand movement (Taira, Georgopoulos, Murata, & Sakata, 1990).
Positron Emission Tomography studies of humans performing
visually guided pointing movements have also identified
enhanced activation of the bilateral parietal cortex during
visually guided movements (Grafton, Mazziotta, Woods, &
Phelps, 1992). As noted in the previous section, the posterior
parietal lobe has also been identified as being involved in
covert shifts of visual attention and with the disengagement
of attention in particular (e.g., Posner et al., 1984, 1987).
Thus, as described by Andersen (1989, 1995) the posterior
parietal cortex appears to be neither strictly visual nor
strictly motor. Rather, it appears to have the function of
integrating visual and motor information (i.e., visual motor
processing of information) and also seems to be involved in
the orienting of visual attention.

The knowledge provided by motor function researchers
regarding the anatomy of motor function has important
implications for the investigation of motor function in groups
with known or suspected pathology affecting particular brain
regions. Combining the knowledge provided by the researchers

of visual attention with that provided by researchers of motor
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functioning is particularly important when investigating
visuomotor integration in clinical groups who have pathology
that has been localized to particular brain regions. In this
thesis, visuomotor integration (using manual aiming movements)
will be examined in two clinical groups who have pathology in
brain areas that have been associated with both visual
attention deficits and with motor functioning deficits (i.e.,
AD and PD).

Rosenbaum's Pre-cuing Paradigm

In an attempt to determine the order that individuals
program arm movement parameters (i.e., arm, direction,
extent), Rosenbaum (1980) developed a "movement precuing"
paradigm wherein various amounts of information (i.e.,
complete, partial, or none) about the requirements of a future
movement (i.e., arm - left, right; extent - near, far;
direction - forward, backward) are presented prior to a signal
to move. This precued information is thought to be used to
construct a motor program prior to the instruction to move.
Information not included in the precue is thought to have to
be integrated into the motor program during the RT interval
(i.e., prior to movement initiation). The resulting RT is
considered to include the time required to identify the
instruction signal to move, to program the values of the
movement parameters that were not precued, and to initiate the
response (Rosenbaum, 1980).

Results of research using this type of precuing paradigm
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have consistently noted shorter RT's to be associated with
greater amounts of precued information (e.g., Bock & Arnold,
1992; Bonnet, Requin, Stelmach, 1991; Larish & Frekany, 1985;
Rosenbaum, 1980) and thus, have provided support for the
proposal that at least some (if not all) motor programming is
completed prior to movement initiation. As well, the
r"direction" parameter was found to take longer to program than
the "extent" parameter while the "arm" parameter was found to
take the longest amount of time to program (Larish & Frekany,
1985; Rosenbaum, 1980).

Rosenbaum and Kornblum (1982) adapted this precuing
paradigm to include valid and invalid precues. This was
accomplished by varying which movement parameter (arm,
direction, extent) was precued and whether the precue was
valid or invalid. For example, direction might be invalidly
cued while extent and arm are validly cued. The authors
hypothesized that valid cues elicited preprogramming of the
response prior to the target presentation and invalid cues
elicited reprogramming of the incorrect response at the time
the target was presented. Larish and Frekany (1985) found that
when "direction" had to be reprogrammed, the complete response
was reprogrammed. This, they hypothesized, is because the
information about "direction" is required in order for the
individual to program the correct pattern of muscular
activation of the agonist and antagonist muscles. In contrast,

if "extent" has to be reprogrammed, the individual only has to
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adjust the force of the muscles that have already been
programmed. The authors suggest that this accounts for the
longer time required to reprogram responses where "direction"
is invalidly cued compared to those where "extent" has been
invalidly cued and, thus, has to be reprogrammed.

Although Rosenbaum's (Rosenbaum 1980; Rosenbaum &
Kornblum, 1982) precuing paradigms for investigating motor
programming are similar in some respects to the precuing
paradigm introduced by Posner et al. (1978) for the
investigation of the covert shifts of visual attention,
studies using these two approaches have been conceptually
isolated from each other. For example, while Posner and
colleagues refer to ‘"covert shifting of attention”,
"engagement of attention", "shift of attention",
"disengagement of attention" and "exogenous" and "endogenous"
sources of information, Rosenbaum and colleagues refer to
nadvance information", "preprogramming®, "programming" and
"reprogramming™ and do not refer to the precues as having any
relationship to attentional shifts.

Nevertheless, both approaches to studies of visually
directed movements have used RT (i.e., time from the movement
signal to time of movement initiation) as an indication of the
time required to plan and execute a motor response and reflect
the assumption that such planning is completed prior to
movement onset (e.g., Marteniuk, 1976). Thus, variations in RT

that result from different movement requirements (e.g.,
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distance to be moved, size of target, accuracy requirements)
are considered to be indicative of the manner in which motor
programming is influenced by changes in the type of response
required (Summers, 1989). Despite the importance of the RT
interval, however, rich sources of information regarding the
way in which information is used in the production of human
movement has also come from kinematic analysis of the ongoing
movements themselves.

Kinematic Analyses of Visually Directed Movements

Kinematics is the study of movement in space and time.
Studies of movement kinematics have generally been conducted
by scientists in the fields of physiology, kinesiology, and
engineering (e.g. robotics, human factors). These approaches
often view motor programming in a slightly different manner
from cognitive and information processing approaches. In
particular, in the kinematics approach, motor programming is
not considered to be completed until the movement has been
fully executed. That is to say that any adjustments or changes
(i.e., reprogramming) made during the execution of the
movement are considered to fall under the domain of motor
programming. Thus, the kinematics approach examines the
movement trajectory (i.e., path of the movement in space) in
an attempt to understand the interaction of sensory and
biomechanical factors that affect the execution of a movement.

Kinematic analyses can provide a three-dimensional

reconstruction of the movement trajectory and allows for



31
examination of identified components of movements (e.g.,
movement duration, peak velocity, acceleration and
deceleration times) that closely approximate everyday
activities (e.qg., reaching for, and grasping, objects). By
examining these aspects of the movement trajectory, kinematic
analysis has the potential to extend information on motor
programming and the manner in which it is affected/influenced
by covert shifts in visual attention.

Kinematic studies have provided information about
programming during movement execution but not necessarily much
about programming prior to initiation because of a lack of
integration with other approaches. Kinematic analyses (using
discrete movements such as pointing and reaching) have
identified three movement phases (i.e., the movement
preparation phase, the acceleration phase, and the
deceleration phase). During the movement preparation phase
(usually defined as the time from the signal to move until
actual movement initiation) the necessary motor commands are
thought to be assembled. This is followed by the acceleration
phase (usually defined as the time from the beginning of a
movement until the time peak velocity is reached) where these
assembled commands are considered to be initially executed as
the limb begins to move toward the target (via the activation
of the agonist muscles). During the deceleration phase
(usually defined as the time from peak velocity to the time

the movement is completed), any necessary corrections or
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adjustments are thought to be made as the limb moves to the
target (via the activation of the agonist and antagonist
muscles) (Abrams, 1992; Brooks, 1986; Glencross & Barrett,
1989) . Results of kinematic research have indicated that the
duration of each of these phases may vary as a function of the
task demands, including the instructions to the subjects. For
example, Fisk and Goodale (1989) conducted an experiment where
subjects were instructed to move to a target either as
"quickly as possible", or as "accurately as possible”,
compared with a baseline condition (where they were instructed
to move both as quickly and as accurately as possible). It was
found that movement duration time was significantly longer in
the baseline and accurate instruction conditions compared with
the fast condition, due to longer deceleration phases for the
baseline and accurate conditions. Movement constraints (e.g.,
target size, target position, and fragility of target) have
also been shown to influence the movement trajectory. For
example, the deceleration phase has been noted to be
significantly longer when pointing to small targets compared
with large targets, and when reaching to grasp fragile objects
(e.g., round end of light bulbs) compared with sturdy objects
(e.g., tennis ball) (Marteniuk, Mackenzie, Jeannerod, Athenes,
& Dugas, 1987). The relationship between accuracy demands
(e.g., target size) and movement time has been found with such
consistency that it has been termed "Fitts Law" (see Sanes &

Evarts, 1984 for a review).
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Much of the research on changes to movement trajectories

has examined the importance of visual feedback. However,
kinematic analyses have indicated that changes to movement
trajectories can occur by using kinesthetic feedback without
simultaneously using visual feedback (Goodale, Pelisson, &
Prablanc, 1986; Komilis, Pelisson, & Prablanc, 1993; Martin &
Prablanc, 1992; Pelisson, Prablanc, Goodale, & Jeannerod,
1986; Prablanc & Martin, 1992). Support for this notion comes
from research that has demonstrated that people are able to
make changes to their movement trajectory (for movements that
are greater than 400ms in duration) to meet targets that are
moved during the time in which they produce a saccadic eye
movement to the target. Goodale et al. (1986) had four
subjects point to a target that was either displaced or not
displaced during a saccade and found that, although subjects
did not have a longer movement duration for the displaced
targets and exhibited no interruption in the movement
trajectory, they were able to reach the target accurately
(even though they were unaware of the change in target
position). Similar results were found by Pelisson et al.
(1986), who suggested that these findings demonstrate the
existence of an automatic, continuous, on-line error
corrective mechanism for movements, that is able to operate
without visual feedback comparisons of 1limb and target
positions. Results of research using variations of this

paradigm have led to the assertion that potential terminal
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errors are evaluated during the acceleration phase of
movements so that there is sufficient time available to make
the necessary corrections to the trajectory during the
deceleration phase (Komilis et al., 1993).

Such kinematic analyses, which have predominately used
healthy young subjects, have provided support for the notion
that the programming of more complex, visually directed
movements is not completed prior to movement onset by the
selection of a series of pre-determined commands. Rather, the
movement is conducted, evaluated, and corrected continuously
during its execution without the requirement for the
individual to be consciously aware of making comparisons
between limb and target positions.

While paradigms utilizing kinematic analyses have
provided valuable information concerning motor programming and
execution, relatively few kinematic studies have attempted to
understand the cognitive processes underlying motor
programming and execution. Further, while visually directed
limb movements have been the predominant type of movement
studied, there have been few studies investigating how visual
attentional processes affect/influence motor function.

LATERALITY

Many aspects of limb movements are thought to be under
the control of the contralateral cerebral hemisphere. For
example, the primary motor cortex on each side of the brain

controls the movements of the contralateral arm, hand and



35
fingers, although there is some ipsilateral control of arm
movement (e.g., Brinkman & Kuypers, 1973). The contralateral
control of finger movements is due to the axons of the finger
area of the primary motor cortex projecting to the motor
neurons in the spinal cord via the corticospinal tract. As it
descends, this tract crosses on each side of the brain stem to
the opposite side of the spinal cord (at the midline of the
medulla) (Kelly, 1991). Due to this contralateral control of
movements, when speaking of the motor programming process, it
is difficult to ignore lateralization and hemispheric
specialization of function. Laterality of limb function has
been examined by comparing individuals' levels of performance
on manual tasks for each hand. Those studies using right
handed individuals have identified a right hand advantage over
the left hand for manual tasks. This right hand advantage for
aimed movements in right-handed people has been attributed to
the right hand either requiring less corrective movements, or
less time to make each correction than the left hand (for a
review, see Todor & Smiley, 1985).

Laterality has also been examined by having individuals
(usually right handed) reach to a position in space that is
either ipsilateral or contralateral to the reaching hand. This
research has noted an advantage of ipsilateral over
contralateral reaches. Ipsilateral reaches have a faster RT,
higher PV, shorter movement duration time, and greater

accuracy (e.g., Fisk & Goodale, 1984; Fisk & Goodale, 1985).
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others have noted shorter movement duration, higher PV, and
longer percent deceleration for ipsilateral movements, but no
differences in RT or accuracy for these movements (Carey,
Hargreaves, & Goodale, 1996).

Some researchers have proposed that these contralateral
disadvantages may be due to the biomechanical constraints of
reaching across the body midline (e.g., more muscle groups are
used; larger displacement of the centre of the mass of the
limb; higher inertial load) (e.g., Carey et al., 1996). Others
have arqgued that the laterality differences for RT and
accuracy are due to the hemifield of target presentation
(i. e., due to the need for the interhemispheric transfer of
information) while differences in kinematic variables (e.q.,
PV) are due to biomechanical constraints (Fisk & Goodale,
1985). The RT and accuracy advantage for the ipsilateral
hemifield have been suggested to result from the activation of
the same hemifield for target identification and for the
programming of a response of the hand ipsilateral to the
target (i.e., the contralateral left hemisphere). In contrast,
contralateral reaches would require the transfer of some
information across the hemispheres (e.g., the target presented
on the left of midline would be represented by activation of
the right primary motor cortex while a movement with the right
hand would require the activation of the left primary motor
cortex). Thus longer RT for contralateral reaches might be

associated with the time required for transfer information
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from one hemisphere to the other (Fisk & Goodale, 1985). Motor
function studies have not examined the effects of ipsilateral
and contralateral reaches in conjunction with covert shifts of
visual attention.

S ATT (6) OTO 0 G

As noted previously, despite the somewhat comparable
paradigms of Posner et al. (1978) and Rosenbaum (1980) and
Rosenbaum and Kornblum (1982), the literature on visual
attention and motor programming has remained relatively
separate. The reason for this appears to be that early in the
study of visual attention (e.g., Posner et al., 1978; Posner
& Cohen, 1980) it was recognized that the eye-movement and the
hand-movement system were affected differently by the
expectancy induced by informational visual precues.

Posner et al. (1978) examined both eye and hand movements
(the alignment of a lever with a target) in their
investigation of the effects of endogenous visual precues on
performance. In experiment 2 of their study, the display
consisted of a central fixation cross and a square of light
that was presented either to the left or the right of
fixation. Endogenous cues were either a plus sign or a left or
right pointing arrow. Cues were 80% (valid) and 20% (invalid).
The plus sign had no predictive probability. Three conditions
were used: 1) move a lever toward the stimulus while
maintaining fixation; 2) move the eyes to the stimulus but not

the lever; 3) move both the eyes and the lever to the
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stimulus. In one experiment the subjects were provided with
feedback about their performance in each of the conditions and
in a second experiment they were given no feedback. Results
indicated that both eye and hand movements showed an effect of
cue condition. RT of the hand was, on average, about 100ms
longer than RT of eye movements. However, the pattern of
performance for the three conditions were similar for both the
eyes and the hand. The "costs plus benefits" for the eye
movement system were approximately half those of the hand
movement system. This was interpreted to be due to the
automaticity of the eye movement system. Posner et al. (1978)
point out several differences in the effects of expectancy of
the eye- and the hand-movement systems. The eye-movement
system was more affected by expectancy prior to target
presentation (compared with after target presentation) as was
evident by errors of anticipation. The hand-movement system
had no anticipatory movements. Rather, the hand-movement
system was more affected by expectancy after the target was
presented (compared with the eye-movement system). This was
evident in the large number of directional errors made by the
hand system (approximately fives times greater than those made
by the eye system). The independence of the eye and hand
systems, in this study, was highlighted by the frequency of
the eyes and hand moving in different directions. These
differences between the eye and hand movement systenms,

asserted Posner et al. (1978) made it difficult to test
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theoretical issues regarding the underlying mechanisms of

visual attention.

Posner and Cohen (1980), in a review of work on the eye
and hand movement system, point out that while the eye, hand
and attention systems had previously been assumed to be
separate systems that functioned in a single manner. They, in
fact, do not. They are also controlled by different
physiological substrates. This author's impression from
reading the literature is that, in order to advance theory on
the "pure" mechanisms that underlie the orienting of visual
attention, there is a need to separate the eye and hand
movement systems. Since the eye movement system is closely
related to the orienting of visual attention system, further
research limited the orienting of visual attention research to
eye movements. Often a manual RT measure of target detection
is desired to make inferences concerning the effects of
informational precues on orienting of attention. It is
important to remove the effects of overt response preparations
of the hand/limb motor systems from differences in RT as a
result of expectancy elicited by visual precues. Thus, a
simple key press response was adopted. This response always
requires the same motor preparation regardless of cue or
target, and thus could not be differentially affected by the
cue expectancy.

Similar to the researchers examining visual attention,

those researchers investigating motor function appear to have
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isolated the preparation of overt responses of the hand/limb
from those functions associated with attention. Again, this
was presumably in order to advance "pure" theory regarding the
physiology underlying motor behavior and its functional
responses to specific events unencumbered by other variables
(such as attention).

Currently, there continues to remain a noticeable lack of
the mention of "shifts of attention" in the cuing paradigms
used in motor control research and of "movement programming
parameters" (with the possible exception of saccadic eye
movement programming) in the visual attention literature.
There are, however, some exceptions. For example, Buckolz et
al. (1994) presented subjects with informational (i.e., valid,
invalid) or neutral precues (and their relative probabilities)
in either a 1l-response or a 2-response task. The l-response
task was to press a button as quickly as possible (making sure
to be accurate) with the right index finger when the target
was presented either to the right or left of central fixation.
on the 2-response task, subjects were instructed to press a
button with the index finger (left or right) that corresponded
to the target position (left or right). The authors argued
that the 1-response task involved only allocation of attention
while the 2-response task involved both attentional allocation
and motor programming. Their results indicated that RT for the
valid conditions did not differ between the l-response and 2-

response tasks. However, RT for the invalid conditions was
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longer for the 2-response than the 1l-response task. The
authors concluded that this lengthening of RT for the invalid
conditions of the 2-response task was due to reprogramming a
response and not to attentional allocation. This experiment
had the advantage of attempting to integrate the attentional
and motor programming research and of challenging the often
used procedure of making interpretations and conclusions based
on only one perspective. However, the Buckolz et al. (1994)
study was limited in that the required motor response was a
simple button press (rather than an actual movement of the
limb) and that only the RT interval (rather than other
variables such as the duration of the movement) was examined.
While research of this type is of great value in promoting the
integration of the attentional and motor programming
perspectives, there remains a gap in the understanding and
conceptualization of the interaction of visual attention and
the motor programming of more complex limb movements such as
reaching movements.

To date, to this author's knowledge, only one experiment
has attempted to investigate the effects of visually directed
attention to a target on the kinematic parameters of movement
in healthy young adults (Elliott & Calvert, 1990). In this
experiment, Elliott and Calvert (1990) used a cost-benefit
paradigm analogous to that of Posner (1980) and examined RT
and total movement duration (MT). They required subjects to

move a stylus (as quickly and accurately as possible) to a
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target presented either to the left or the right of a central
fixation point. Cuing about the possible future position of
the target was accomplished via auditory cues (i.e., a high
frequency tone cued the right target; a low frequency tone
cued the left target). After a two second silence, another
tone was presented indicating which target to move to. Results
of Elliott and Calvert's (1990) investigation revealed that RT
was faster in both the valid and invalid cue conditions than
in the neutral condition (although they did not statistically
compare valid and invalid cues with neutral cues). The RT for
the invalid and valid cues was equivalent. The fact that they
found no RT advantage for valid cues compared with invalid
cues conflicts with the typical findings cited in the cuing
literature (using a simple, entirely programmed motor response
- e.g., button press). However, Elliott and Calvert (1990) did
find that the MT was longer for movements to invalidly cued
targets compared with movements to validly cued targets. This
difference in MT implies that, in the invalid condition, a
reorganization of the movement toock place during movement
execution with these "on-line" corrections resulting in an
increased time to complete the movement. Thus, "costs" were
apparent in MT but not in RT.

While these findings are of considerable interest,
Elliott and Calvert's (1990) study had some serious design
flaws, which limits its comparability to other studies in

which shifts of visual attention have been investigated.
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First, there was no direct comparison of the valid and invalid
cue conditions with a neutral cue condition. Neutral cues were
administered in separate blocks from informational cues, a
situation which is not recommended in studies of attentional
processes (Jonides & Mack, 1984). The fact that auditory cues
(rather than visual cues) were used to direct visual attention
also limits the generalizability of the research to the
majority of cuing paradigms which have used visual cues. As
well, to examine the effect of the availability of visual
information on movements, four visual conditions were used: 1)
lights on for complete trial (full vision condition); 2)
lights extinguished at time of movement initiation; 3) lights
extinguished at time of movement instruction; and 4) lights
extinguished for 2 seconds prior to movement instruction.
These results were collapsed across both tone frequencies and
the 4 vision conditions making it difficult for comparisons to
be made with results of cuing studies where visual cues have
been used to direct visual attention in full vision
conditions. Elliott and Calvert's (1990) results however, did
provide an indication that a thorough kinematic analysis of
visually directed pointing movements might provide greater
insight into the effects of shifts of visual attention on the
motor programming process.
CURRENT STUDY
The current thesis examined the influence of covert

shifts of visual attention on motor programming using a
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discrete pointing task. Kinematic analyses were used to
elucidate the effects of shifts of visual attention on motor
programming. Kinematic measures of the movement trajectory
(i.e., movement duration time, peak velocity, percent
deceleration, and resultant error) were used in addition to
reaction time. Since this study was the first to combine
covert shifts of attention, motor functioning, and kinematics,
it is considered to be exploratory in nature. While cuing
effects on RT (and possibly MT) were expected given the
literature on both visual attention and motor functioning, it
was unclear whether cuing effects would be evident on any of
the kinematic variables when an actual aiming movement to a
target was used. General questions included the following. If
cuing effects were found for kinematic variables, which
kinematic variables would be affected, and what type of cuing
effects would be seen in these variables? For example, would
MT be longer when provided with incorrect (invalid cue)
information (which necessitates a disengagement, shift and
reengagement of attention prior to making the movement and/or
motor reprogramming) compared with correct (valid cue)
information (which allows for the shift and engagement of
attention to the correct location and requires no changes in
attention or motor programming prior to making the movement)?
Would accuracy be greater, less, or equivalent, when attention
had been oriented to the incorrect location compared with the

correct location? Would the deceleration phase of the movement
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be longer than the acceleration phase? If so, would this have
any effect on accuracy? These are but a few examples of the
types of information that will be examined in the current
research. Specific hypotheses for each of the four groups will
be stated in a section preceding the method section of each of
the four studies. Given that the work is exploratory, and the
groups in the study were examined chronologically (i.e.,
young, elderly controls, AD and PD), the hypotheses for one
group may be based on findings from a previous group. The
following section will describe the two experimental paradigms
used in this thesis.

Experimental Paradigms

The paradigms used in the current study consisted of: 1)
endogenous covert shifts of visual attention paired with
exogenously generated overt manual movements (using a Posner-
type paradigm) - labelled the Exogenous Paradigm; and, 2) the
advance provision of endogenous information paired with
endogenously generated overt movements (using a Rosenbaum-type
paradigm) labelled the Endogenous Paradigm.

The Exogenous Paradigm used in this study is similar to
the paradigms used by Posner and colleagues (e.g., Posner et
al., 1978) in that a central (endogenous) precue elicits a
covert shift of attention to the cued location and the target
is presented in an exogenous manner. The Endogenous Paradigm
is similar to that used by Rosenbaum and colleagues (e.g.,

Rosenbaum, 1980; Rosenbaum & Kornblum, 1982) in that the cue
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does not elicit a covert shift of attention but rather
provides information that can be used in the preprogramming of
movenments.

The rationale behind such pairings is as follows. The
interest of the current research was to investigate the
influence of endogenous visual precues (i.e., covert shifts of
visual attention) on motor programming. In the Exogenous
Paradigm, however, the effects of an endogenous covert shift
of attention could not be separated from the effects of
response preparation (as the precue provided both information
as to where to attend, and what motor response to prepare -
given that an actual movement would be carried out). This
limitation made it necessary to develop a way to isolate the
effects of response preparation from the effects of an
endogenous covert shift of attention. The most viable option
appeared to be to isolate the effects of response preparation.
By eliminating the potential advantage of a covert shift in
attention (by presenting all of the target position
information at the central fixation point), the Endogenous
Paradigm was hypothesized to isolate the effects of response
preparation from the potential effects of covert orienting of
attention on motor performance. The assumption was that
individuals would not shift their attention from fixation when
the cue was presented because the information about the future
target location would also be presented at this central

position. Thus, only the Exogenous Paradigm was expected to
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elicit a covert orienting of attention prior to the target
location information whereas both paradigms allowed
preprogramming of the motor response by indicating the
probable future target location. By comparing the results of
the two paradigms, it was hoped that the effects of covert
shifts of attention on motor performance could be separated
from those of response preparation. This would be most likely
if covert shifts of attention provided an additive advantage
over response preparation only (i.e., if the Exogenous
Paradigm provided a greater advantage for the kinematic
variables than the endogenous paradigm). Given that it was
also possible that there could be differences in the way the
exogenously and endogenously presented targets would affect
movements, a neutral condition was used in both paradigms.
This allowed for an examination of the effects of type of
target presentation only (i.e., exogenous or endogenous) as
the neutral cues were the same in both paradigms.

Inherent in the rationale for the two paradigms in this
thesis is the idea that the preparation of the movement was
equivalent in both paradigms. However, it is possible that it
may not have been. The following section outlines a number of
possible alternative task analyses for each of the cue
conditions in each of the two paradigms. In each of the
alternatives when motor programming or reprogramming is
referred to, it is important to keep in mind that the

processes involved may be conducted prior to movement
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initiation, both prior to and during movement initiation, or,
during movement execution only. These various alternatives may
be important when interpreting the results.

Exogenous Paradigm
Alternative #1

Informational Cue Presented: 1) Detect cue; 2) Shift
attention to the cued location; 3) Prepare (i.e., "program")
a movement to the cued target location.

Target Presented: 1) Detect target; 2) Decision process -
was the presented target the same one that was cued and that
attention was shifted to and a movement prepared for?

If Yes (i.e., valid cue): 1) sShift gaze to target
position; 2) Execute the movement as prepared; 3) Make
adjustments as necessary.

If No (i.e., invalid cue): 1) Disengage attention from
the cued location, shift it to the target location, reengage
attention on the target location; 2) Shift gaze to target
position; 3) Reorganize the incorrectly prepared motor program
or abort the incorrect program and make a new, correct one; 4)
Execute the movement; 5) Make adjustments as necessary.

vV s

Informational Cue Presented: 1) Detect cue; 2) Shift
attention to the cued target location; 3) Do not prepare a
movement.

Target Presented: 1) Detect target; 2) Decision process -

was the presented target the same as the one that was cued and



that attention was shifted to?

If Yes (i.e., valid cue): 1) Prepare the appropriate
movement; 2) Shift gaze to target location; 3) Execute the
prepared movement; 4) Make adjustments as needed.

If No (i.e., invalid cue): 1) Disengage attention from
the cued location, shift it to the target location, reengage
it on the target location; 2) Shift gaze to target position;
3) Program a movement to the target; 4) Execute the movement;
5) Make adjustments as necessary.

Alternative #3:

Informational Cue Presented: 1) Detect cue; 2) Do not
shift attention; 3) Prepare a movement to the cued target
location.

Target Presented: 1) Detect target; 2) Decision process -
was the presented target the same as the one that was cued and
that attention was shifted to and a movement prepared for?

If Yes (i.e., valid cue): 1) shift attention and gaze to
target location; 2) Execute the movement as prepared; 3) Make
adjustments as necessary.

If No (i.e., invlaid cue): 1) Shift attention and gaze to
target location; 2) Reorganize the incorrectly prepared motor
program or abort the incorrect program and make a new, correct
one; 3) Execute the movement; 4) Make adjustments as
necessary.

Alternative #4
Neutral Cue Presented: 1) Detect cue; 2) Divide attention
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across all potential target locations; 3) Prepare to move -
not to a particular location but merely a readiness to move
toward the top half of the computer screen with the right
index finger.

Target Presented: 1) Detect target; 2) Disengage
attention from all locations, shift attention to the target
location, and re-engage it on that location; 3) Shift gaze to
the target location; 4) Prepare the remainder of the necessary
movement parameters to move to the target location; 5) Execute
the movement; 6) Make adjustments as required.

Alternative #5

Neutral Cue Presented: 1) Detect cue; 2) Do not shift
attention; 3) Prepare to move - not to a particular location
but merely a readiness to move toward the top half of the
computer screen with the right index finger.

Target Presented: 1) Detect target; 2) Shift attention
and gaze to the target location; 3) Prepare the rest of the
necessary movement parameters; 4) Execute the movement to the
target location; 5) Make adjustments as required.

Alt tiv 62

Neutral Cue Presented: 1) Detect cue; 2) Do not shift
attention; 3) Do not prepare a movement.

Target Presented: 1) Detect target; 2) Shift attention
and gaze to the target location; 3) Prepare the movement to
the target location; 4) Execute the movement to the target

location; 5) Make adjustments as necessary.
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Alternative #7:

Any Cue Presented: 1) Detect cue; 2) Do not shift
attention; 3) Do not prepare a movement.

Target Presented: 1) Detect target; 2) Shift attention
and gaze to target position; 3) Prepare the movement; 4)
Execute the movement as prepared; 4) Make adjustments as
necessary. This alternative is unaffected by the cue validity.

Bndog.nou; Paradigm
Alternative #1:

Informational Cue Presented: 1) Detect cue; 2) Do not
shift attention; 3) Program a movement to the target location.

Target Presented: 1) Detect target; 2) Decision process -
what is the number that was presented at fixation? Where is
the number in the periphery that matches this central number?
Is this the target that was cued and that a movement was
prepared for?

If Yes (i.e., valid cue): 1) Shift attention and gaze to
target position; 2) Execute the prepared movement; 3) Make
adjustments as necessary.

If No (i.e., invalid cue): 1) Shift attention and gaze to
target position; 2) Reorganize the incorrect motor program or
abort the wrong program and prepare a new, correct program; 3)
Execute the programmed movement; 4) Make adjustments as
necessary.

+ v .
Informational Cue Presented: 1) Detect cue; 2) Shift
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attention to the cued location and then shift attention back
to the centre of the screen; 3) Gaze remain at fixation; 4)
Prepare (i.e., "program") the movement to the cued location.

Target Presented: 1) Detect target; 2) Decision process -
what is the number that was presented at fixation? Where is
the number in the periphery that matches this central number?
Is this the target that was cued and a movement was prepared
for?

If Yes (i.e., valid cue): 1) Shift attention and gaze to
target position; 2) Execute the movement as programmed; 3)
Make adjustments as necessary.

If No (i.e., invalid cue): 1) Shift attention and gaze to
target position; 2) Reorganize the incorrect motor program or
abort the wrong program and prepare a new, correct program; 3)
Execute the movement as programmed; 4) Make adjustments as
necessary.

Alternative #3:

Informational Cue Presented: 1) Detect cue; 2) Shift
attention to cued location, then shift it back to centre; 3)
Do not prepare a movement.

Target Presented: 1) Detect target; 2) Decision process -
what is the number that was presented at fixation? Where is
this number in the periphery?; 3) Shift attention and gaze to
target position; 4) Prepare the movement to the target
location; 5) Execute the movement; 6) Make adjustments as

necessary.
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Alternative #4:

Neutral Cue Presented: 1) Detect cue; 2) Do not shift
attention; 3) Become prepared to move (not to a particular
location but merely a readiness to move toward the target with
the right index finger.

Target Presented: 1) Detect target; 2) Decision process -
what is the number that was presented at fixation? Where is
this number in the periphery?; 3) Shift attention and gaze to
the target location; 4) Prepare the remainder of the movement

parameters; 5) Execute the movement; 6) Make adjustments as
required.
Alternative #5:

Neutral Cue Presented: 1) Detect cue; 2) Divide attention
to all locations, then bring it back to centre; 3) Become
prepared to move (not to a particular location but merely a
readiness to move toward the target with the right index
finger.

Target Presented: 1) Detect target; 2) Decision process -
what is the number that was presented at fixation? Where is
this number in the periphery?; 3) Shift attention and gaze to
the target location; 4) Prepare the remainder of the movement
parameters; 5) Execute the movement; 6) Make adjustments as
required.

t v 62
Any Cue Presented: 1) Detect cue; 2) Do not shift

attention; attention remains at center; 3) Do not prepare a
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movement.

Target Presented: 1) Detect target; 2) Decision process -
what is the number that was presented at fixation? Where is
the number in the periphery that matches this central number?;
3) shift attention and gaze to target position; 4) Prepare the
movement to the target location; 5) Execute the movement; 6)
Make adjustments as necessary. This alternative is unaffected
by the cue validity.

In summary, this thesis investigated the effects of
endogenous informational cues on covert shifts of visual
attention and motor programming using a manual aiming movement
(with the right index finger) to a visual target. A kinematic
analysis was conducted that examined movement duration time,
peak velocity, percent deceleration and resultant error in
addition to reaction time. The experimental paradigms
incorporated informational precues that were intended to
elicit either covert shifts of attention in addition to motor
programming or motor programming only. Target position
information was presented either exogenously or endogenously.
The experimental paradigms used in this thesis were intended
to bridge the literatures on visual attention and motor
programming which have, to date, been conducted in parallel.

An exploratory investigation of the meridian effect on
kinematic variables for exogenously and endogenously presented
targets was also conducted for the young and for the elderly
subject groups. The meridian effect had not yet been
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investigated using kinematic analysis, endogenously presented
targets, or in elderly subjects. Laterality effects (hemispace
of target position relative to the body midline) were also
examined. These effects have not previously been examined in
conjunction with covert shifts of visual attention.

Since all areas of this thesis are exploratory in nature,
it was possible that no effects of cuing would be found for
kinematic variables. Therefore, the data for the young subject
group was collected and analyzed prior to adding the other
groups (healthy elderly, AD,and PD) to the study. The healthy
elderly group (compared with the young group) allowed for the
examination of the effects of aging on covert shifts of
attention and motor programming. As well, the elderly subject
group served as a neurologically intact control group for the
AD and PD groups. A comparison of the AD and PD groups allowed
for the investigation of degenerative diseases that are
considered to affect mainly cognitive functions (AD) versus
those that are considered to affect mainly motor function
(PD) . The rationale for the inclusion of the healthy elderly
group, and the Alzheimer's and Parkinson's disease groups was
based on the combination of the literatures of aging, AD and
PD as well as that which has investigated the anatomical
regions associated with the orienting of attention and with
motor programming. There has been much research conducted that
has addressed the effects of aging on motor function and a
significant amount of literature exploring the effects of
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aging on covert shifts of visual attention. There is only a
limited amount of literature for both AD and PD on covert
shifts of attention, and, although there are volumes of
literature on motor function in PD there is relatively little
on AD and motor control. Based on the breakdown of the
anatomical correlates of covert orienting of attention and of
motor function and on the knowledge of the pathology of both
AD and PD, their inclusion in this study is warranted. The
rationale for choosing individuals with AD for this study
rather than individuals with parietal lobe or frontal lobe
lesions (which have often been used in the research examining
attention) is that this allowed the comparison of two
neurodegenerative diseases. As well, since AD spares the
primary motor and primary sensory cortex, inclusion of these
subjects does not raise the issues involved in disentangling
the effects of the laterality of lesions relative to the
laterality of the subject's hand and the target position.
The following chapter provides a description of general

methodology and procedures.



CHAPTER 3
METHODS AND PROCEDURES

The methods and procedures used for the four groups
jncluded in this study (i.e., healthy young adults, healthy
elderly adults, individuals with Alzheimer's Disease and
individuals with Parkinson's Disease) were nearly identical.
The only exceptions were the number of experimental trials and
the number of practice trials per subject.

Prior to beginning the experiment, the procedure was
explained to each subject while he/she was simultaneously
shown the sequence of events on the computer screen, one step
at a time. After it was determined by the experimenter that
the subject understood the task, he/she was provided with a
number of practice trials. The young healthy subject group
were administered 10 practice trials and three blocks of 60
experimental trials each (i.e., 180 experimental trials). The
healthy elderly, the AD and PD subject groups were
administered two blocks of 60 experimental trials each (i.e.,
120 experimental trials). The latter groups were administered
fewer experimental trials (than the young subject group) due
to concerns for the fatigue of these subjects. Depending on
the difficulty that the elderly, AD and PD subjects had in
understanding and following the instructions for the
experiments, they may have been provided with 20 (and no more
than 30) practice trials. No persons were eliminated because

of an inability to learn the task in the practice trials
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given. Any variations of the basic procedures within each of
the four groups are noted in the relevant section of each
chapter.

Apparatus and Procedur i s

The WATSMART System (Waterloo Spatial Motion Analysis and
Recording Technique, Northern Digital, Inc., Waterloo,
Ontario, Canada), a three-dimensional (3D) digitizing and
motion analysis system, was used. This system operates by
tracking the positions of active infrared light-emitting
diodes attached to a subject through a pre-calibrated space.

Two high resolution infrared WATSMART cameras were
positioned 3.0 meters apart, 1.8 meters from the floor, and at
a perpendicular distance of 2.4 meters from the 21 inch
computer monitor on which the experimental trials were
administered. During the experiments, the positions of two
infrared light-emitting diodes (IRED's) (one affixed to the
subject's right index finger and one affixed to the subject's
right index knuckle) were monitored by the two WATSMART
cameras. Two-dimensional coordinates were collected on-line by
each of the two cameras. Three-dimensional IRED positions were
then reconstructed off-line by the WATSMART data collection
system and were stored using a COMPAQ 386s/20 computer for
analysis.

The WATSMART system was interfaced with another 386
personal computer which controlled the sequencing of the cue

and target information that was projected to the computer
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monitor on which the experimental stimuli were presented.
Ccalibration

Camera Positjon

To calibrate the positions of the WATSMART cameras, a 53
X 53 X 72 cm rigid metal calibration frame in which 20 IREDs
are embedded was provided with the WATSMART system. This
calibration frame was positioned in the centre of the work
space (i.e., the space where the computer monitor would be
positioned). As described by Haggard and Wing (1990, p. 317)
"Because the relative positions of these IREDs are known, the
cameras' different views of the frame are used to calculate
the cameras' locations relative to the frame, using a direct
linear transformation method. This calculation specifies a
calibration map for each camera independently. Mapping permits
subsequent conversion of raw data, comprising the location of
each IRED as it appears in two dimensions to each of the two
cameras, into three dimensional coordinates".

The WATSMART software calculates a calibration error
which is the average error between the true dimensions of the
frame and those determined by the least squares fitting
procedure that yields the cameras' positions (Haggard & Wing,
1990, p 317). This error is expressed as a root mean square
(RMS) measure. The average RMS calibration error in this study
was 0.62mm (SD = 0.08mm). This is consistent with other
studies with this methodology in which the RMS is generally

found to be less than 2mm (Carey, Hargreaves, & Goodale, 1996;
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Elliott, Carson, Goodman & Chua, 1991; Jakobson & Goodale,
1991).

Target Posjition

Four target positions were used in each experimental
paradigm. The positions of each of the four targets (presented
on the computer monitor screen during the experiment) relative
to the cameras was determined for each subject by having the
subject point to the centre of each individual target as
accurately as possible during a "calibration" condition of no
time constraints. The positions of the IRED that was affixed
to the tip of the subject's right index finger was recorded
for two seconds and the averaged three-dimensional position
was used to define the "calibrated" target position. This
allowed the subjects to determine where they perceived the
centre of the target to be located and accounted for
variations in IRED placement across subjects. Later in the
analysis, resultant error (i.e., 3-dimensional) was calculated
(by WATSMART software) for each trial in reference to these
calibrated target positions.

Data Collection

All trials were initiated by the experimenter's keypress
command and required that the subject have his/her finger
pressing down on a computer mouse switch which served as the
start position. With the experimenter's keypress, the
sequencing computer generated the previously determined

randomized cue/target sequence and produced an external
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trigger signal to initiate the collection of data by the
WATSMART system.

The subject's mouse switch was interfaced with the
sequencing computer via a single channel of an A-D converter
(WATSCOPE, Northern Digital Inc.) which was used to detect
premature anticipatory movements (i.e., finger movements prior
to the signal to move) by the subject. Such anticipatory
movements resulted in cancellation of the trial as described
in the "Experimental Procedure" section (p. 67).

During each trial, the positions of the finger IREDs were
recorded at Sms intervals (i.e., 200 Hz) for four seconds by
the WATSMART system beginning with the experimenter's
keypress.

educti

Data were reduced following the experimental sessions.
For each trial, the two sets of raw two-dimensional linearized
camera data were converted to three-dimensional cartesian
coordinates by direct linear transformation and filtered at 15
Hz using a second-order dual-pass Butterworth filter to remove
high-frequency noise. Resultant error, a composite error
measure reflecting deviations from the target in three
dimensions was calculated for the final finger IRED position
at the defined end of movement (i.e., finger IRED velocity <5
cm/sec for 10 successive frames).

The filtered three-dimensional displacement data (for
each of the two IRED's) was differentiated to provide a
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velocity profile. Reaction time, peak velocity, time from
movement onset to time of peak velocity, movement end time,
and resultant error, were derived from these velocity
profiles. Instantaneous velocity was calculated on the basis
of distance travelled over three successive frames and was
expressed in cm/sec. Each velocity profile (for each of the
two IRED's) was examined visually to identify any position
errors resulting from IRED reflections or errors in the
calculation of movement onset due to changes in hand position
that preceded moving the finger toward the target. IRED #1
(i.e., finger position) was examined to determine end of
movement and IRED #2 (knuckle position) was examined for all
other dependent variables. This was necessary because, for
some individuals, IRED #1 was occasionally obscured from the
WATSMART cameras during some portions of the movement. The end
point of the movement, could be accurately calculated from
IRED #1 since finger velocity dropped to zero and remained at
this value when the subject contacted the computer screen with
his/her finger. IRED #2 (the knuckle IRED) was not obscured
from the cameras during the movement and data from this IRED
were used to calculate all other dependent measures. Pilot
data also suggested that IRED #2 typically moved prior to IRED
#1 and therefore provided a better indication of "true"
movement onset. Any trials where recording errors were noted
were manually corrected (if the trajectory profile was smooth

enough to make this possible) by the investigator by
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substituting values according to the criteria that were set
for each of the dependent variables, outlined in the following
section. Trials that could not be corrected (due to extensive
reflection errors resulting in extensive noise in the
trajectory) by this procedure were discarded. The percentage
of trials that were discarded in any analysis did not exceed
2.3%.

Dependent Measures

The time of end of movement and resultant error were
derived from the finger position data collected from IRED #1.
All other measures were derived from the data collected from
IRED #2, which was placed on the knuckle of the subject's
index finger.

Reaction time was defined as the time from target onset
to the time of movement initiation and was recorded from IRED
#2. The criteria for this reaction time measure was the time
at which the movement velocity reached 5cm/sec and remained so
for 10 successive frames (i.e., 50ms).

Movement duration time was defined as the time from
movement initiation until the time that the final finger
position was recorded (i.e., finger IRED velocity < S5cm/sec
for 10 successive frames). Movement duration was calculated by
subtracting the time at the end of movement from IRED #1 from
the time of the movement onset from IRED #2. Movement accuracy
was defined as the resultant error (absolute error in mm)

between final finger position (IRED #1) relative to target
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position as defined by finger position on the target
calibration trials. A normalized measure of deceleration time
was provided by the time from peak velocity to the time of the
end of the movement, expressed as a percentage of the total
duration of the movement.

Eye Movement Monitoring

Eye movements were monitored by the experimenter via a
Panasonic video camera (model # WV-BP310) with a Cosmicar
Electronic Control Zoom Lens that provided a focus on the
subjects' eyes. This camera was mounted on a triped,
positioned 66cm to the left of the computer monitor and 130cm
from the floor. A Panasonic black and white video monitor
(model # TR-930CB) was positioned on the desk in front of the
experimenter to allow a constant view of the subject's eye
position. Subjects were required to maintain fixation from cue
onset to target onset. Since cue onset was initiated by the
examiner and target onset could be determined by a luminance
change (i.e., reflection from the subject's face), the
examiner could ensure that the subjects did not change their
eye position from the central fixation point until target
position was indicated. Any trials in which subjects' changed
their eye position prior to the target indication were

discarded and were repeated.
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erimental Procedure

Experimental Set-Up

Work Space Set-up
WATSMART cameras are designed to detect all types of

infrared light and recognize each IRED as the centre of all
the infrared light entering the camera lens. Thus, the cameras
cannot distinguish between the infrared light coming from an
IRED and a reflected source of infrared light (e.g., natural
sunlight, incandescent 1light). As a result, the two-
dimensional IRED coordinates that are recorded are based on
the light arriving at the cameras via reflected paths as well
as light coming directly from the IRED. In order to obtain
accurate measurements of the position of the IREDs, it was
imperative to reduce irrelevant infrared light.

In order to reduce errors due to reflections from the
IREDs, the walls surrounding the computer monitor were painted
with a flat black paint, black blinds covered the windows, and
the table on which the computer was positioned on as well as
the chair used in the experiment were covered with a black
material. The face of the computer monitor was covered with a
translucent black foam. Subjects wore a black hospital-type
gown over their clothing. Low room lighting was provided by a
halogen floor lamp positioned to the right of the video
monitor. All the above measures were taken to reduce any
possible reflections during testing and reduce visual

distraction in the environment (see Figure 3.1).
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Figure 3.1

Figure 3.1 illustrates the experimental set-up used in
this thesis. The two WATSMART cameras are pictured behind the
subject. The Panasonic video camera that provided a focus on
the subjects' eyes (and monitored eye position) is illustrated
to the left of the subject and the computer monitor on which
the experiments were administered is illustrated in front of
the subject. The computer systems and the video monitor used
by the experimenter were positioned behind the subject and are

not depicted in this illustration.
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Experimental Trials Set-up
Oon the upper half of the 21 inch computer screen, four
possible targets (consisting of the numbers, 1, 2, 3, and 4)
were displayed in an arc-like fashion above a central fixation
point. All potential targets were equidistant from the central
fixation point (16cm). The positions of the four targets were
chosen so that the distance reached by the hand would be
equivalent to all positions. The numbers (for target positions
and for central cues) were 7mm high and émm wide at their
widest point. The circle surrounding the numbers was 10mm in
diameter. The arrow that provided the informational cue was
15mm long with the arrow-head 5mm in length on each side. The
vertical line of the "plus sign" (neutral cue) was 15mm and
the horizontal line was 10mm. Targets were 10cm apart. While
head position was not fixed, subjects' heads were positioned
approximately 50cm from the screen. At the central fixation
point, informational cues were presented that were later
determined to be either valid (providing correct directional
information with respect to subsequent target position,
designated by an arrow and occurring in 60% of the trials) or
invalid (providing incorrect directional information,
designated by arrow and occurring in 20% of the trials).
Uninformative (neutral) cues (designated by a "+") occurred on
20% of the trials.
Target position and cue type were counterbalanced within

each trial block. Following 10 practice trials, three blocks
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of 60 experimental trials each were presented (for the young
subject group). Each block consisted of 12 neutral trials (3
in each of the 4 positions), 36 valid trials (9 at each of the
4 positions), and 12 invalid trials (3 at each of the 4
positions). Table 3.1 provides a breakdown of the number of

combinations of cue and target positions by hemispace.
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Table 3.1

Number of Trials of each Cue/Target Combination Across 3
Experimental Trial Blocks Combined

POSITION CUED
1 2 3 4 nyn

TARGET
POS (o)

1 27 3 3 3 9

2 3 27 3 3 9

3 3 3 27 3 9

4 3 3 3 27 9

Note: The diagonal (where cue and target are identical)
represents valid trials. The last coclumn (cue = "+")
represents neutral trials. All other locations indicate

invalid trials.
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Experimental Procedure
The procedure used in the two experimental paradigms
(i.e., Exogenous and Endogenous) was similar. Subjects were
seated in the darkened room facing the 21 inch computer
monitor on which the experiments were administered. Subjects
had one IRED (IRED #1) affixed (with clear adhesive tape)
close to the end of their right index finger and another (IRED
#2) to the knuckle of their right index finger.
on each trial, subjects were instructed to depress the
start switch, to look at, and to maintain their gaze at the
central fixation point until the actual target position was
indicated. Subjects were instructed to reach out and touch the
target with their right index finger quickly and accurately as
soon as it was indicated. Trials in which the subject moved
his/her eyes from the fixation point prior to target. onset (as
determined by the experimenter) were repeated. Trials in which
subjects exhibited anticipatory finger movements (i.e., finger
released start switch prior to cue being extinguished) were
detected by the computer and aborted by the program. In the
case of anticipatory movements, an auditory "beep" sounded and
the message "Moved Too Soon" appeared on the screen. The trial
was then repeated as the next subsequent trial.
In both the Exogenous and Endogenous Target Paradigms,
the cue appeared at the fixation point and remained for 750ms.
In the Exogenous Target Paradigm, the target was a circle

appearing around one of the peripheral digits (see Figure
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3.2). In the Endogenous Target Paradigm, circles appeared
around all the digits from the beginning of each trial, and
the target was the appearance of a digit at fixation (see
Figure 3.3). This procedure ensured that the target, at which
the pointing movement was directed in the two paradigms was

physically identical (digit with a circle).
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Figure 3.2

Figure 3.2 illustrates the exogenous target paradigm.
Valid, neutral and invalid conditions are shown. The subject
was instructed to maintain his/her gaze at the centre fixation
point. One of the three types of cue was presented at that
point and remained on for 750ms. The cue then extinguished and
was followed immediately by a circle surrounding the actual
peripheral target. At that time, the subject was to reach out
and touch the target with their right index finger quickly and

accurately.
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Figure 3.3

Figure 3.3 illustrates the endogenous target paradigm.
Valid, neutral and invalid conditions are shown. The subject
was instructed to maintain his/her gaze at the centre fixation
point. One of the three types of cue was presented at that
point and remained on for 750ms. It then extinguished and was
followed immediately by a number presented at the central
fixation point that indicated the actual peripheral target. At
that time, the subject was to reach out and touch the target

with their right index finger quickly and accurately.



76

uoljejuasaid 1ebie|
shouafopu3 - ||| 8seyd

Buinoald - |} 8seyd

uojiexi4 - | aseyd

® * o

® @

g'c emnbi4

® ®

4
"
® ®

[

(%02) enD lenneN

® ° 0

® @

@@@@

(%082) enD pireu|

(%09) onD plleA




77
STATIS SES

Measures for each dependent variable were calculated on
a trial by trial basis, for each subject and for each
experimental condition. Data were analyzed using General
Linear Models Repeated Measures Analysis of Variance (MANOVA)
procedure (SAS Institute Incorporated, Cary, North Carolina).
Pillai's trace was used as the measure of multivariate
significance as it was considered to be a robust criterion
given the nature of the data (unequal number of observations
for the dependent measures) (Tabachnick & Fidell, 1989).

The General Linear Model is a form of multiple regression
that is used when there are several independent and dependent
measures, some of which may be correlated with each other. It
uses least squares adjusted means. These means are calculated
when there is unequal data among the cells in the analysis and
are adjusted based on an estimate of what the means would be
if the cells had an equal number of observations. This
estimate is calculated using the least squared error solution:
the estimated values are those that would result in a
regression line that has the smallest total squared errors.
The standard error of estimate of the least squares adjusted
means is used as the measure of variability. It is a measure
of the standard distance between the regression line and the
actual data points and provides an indication of how
accurately the regression line predicts the observed values.

MANOVA only uses trials for which there is data for all of the
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dependent measures for a particular trial. Any trials that had
data for one dependent measure missing were discarded. That is
to say that, in the present analysis, only trials that had
data for RT, MT, PV, time from peak velocity to end of
movement, and resultant error were included in the MANOVA
analysis.

For situations where there were no a priori planned
comparisons, significant multivariate effects and interactions
were followed up with univariate ANOVA's (using the least
squares means data from the MANOVA). Where univariate ANOVA's
were significant, post-hoc comparisons were conducted using t-
tests on the least squares adjusted means. In situations where
hypotheses had been generated based on the literature (i.e.,
a priori comparisons had been planned), the univariate ANOVA's
and/or t-tests were examined even in the absence of
significant multivariate effects. In all tests of significance
a standard alpha level of 0.05 was adopted. Univariate
outliers were identified based on the averaged error being 4.5
SD or greater from the least squares mean error. These trials
were checked for equipment (i.e., reflection) errors or data
entry errors and necessary corrections made. No outliers were
removed (other than those resulting from equipment errors), as
such trials were considered to reflect natural variance in
movement.

The studies presented in this thesis were conducted in

the chronological order that is presented. The study for the
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young subject group was completed first, followed by the
elderly subject group, the AD subject groups and the PD
subject group. Each of the subject groups were first analyzed
individually. The elderly subject group was then compared with
the young subject group, the AD group was compared with the
elderly group, and the PD group was compared with both the
elderly and the AD groups. The elderly group was used as a
control group for both the AD and PD groups. Examining
differences between the young and elderly subject groups
allowed the investigation of the effects of aging on visual
attention and motor function. Examining differences between
the AD and PD groups allowed the investigation of changes in
motor function and attention based on cognitive versus motor

involvement of diseases that affect the elderly.



Chapter 4 - Study 1
THE EFFECTS OF VISUAL ATTENTION AND MOTOR PROGRAMMING ON
MANUAL AIMING MOVEMENTS IN HEALTHY YOUNG ADULTS
METHOD

Subijects

Subjects were 15 healthy young adults (8 females, 7
males) who were students at Dalhousie University, or staff and
volunteers of the Queen Elizabeth II Health Sciences Centre.
All were right-handed as indicated by self-report and by a
score of at least 5 out of 7 on Kimura's Handedness
Questionnaire (Kimura, 1986). All reported having normal or
corrected to normal vision. Mean age was 28.6 (SD = 4.4) with
a range of 24 to 39 years. Mean level of education was 17.6
(SD = 1.8) with a range of 13 to 20 years. Informed consent
was obtained from all subjects prior to testing in accordance
with the procedures approved by the Queen Elizabeth II Health
Sciences Centre Research Ethics Committee.

Procedure

Refer to Chapter 3 for details of the procedure.

Analyses

Statistical analyses were conducted as described in
Chapter 3. Three separate analyses were conducted on the data
for the healthy young subjects. Analysis 1 examined the effect
of cue validity (i.e., valid, invalid, neutral) and target
type (i.e., exogenous - circle surrounded peripheral target;

endogenous - number that corresponded to target presented at

80
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centre) on the dependent variables. Analysis 2 examined the
effect of laterality (i.e., target presented in the left vs
the right hemispace) on the dependent variables. Analysis 3
examined the meridian effect (i.e., cue and target presented
in the same vs the opposite hemispace) on the dependent
variables. Details of each analysis will be provided in the
subsequent sections.

HYPO SES

Cue Condition

For the young subject group, a number of hypotheses
regarding cuing effects were developed based on the literature
of visual attention, motor programming and kinematic analyses.
They were as follows:

Cues that provide valid information were hypothesized to
result in a RT and MT advantage (compared with cues that
provide invalid information) for movements of both the
Exogenous and Endogenous Paradigms. RT (and possibly MT) for
neutral cue conditions were expected to fall between the valid
and invalid conditions. If the hypotheses for faster RT and
shorter MT for valid compared with invalid cue conditions held
true, then it was possible that the PV would have been higher
in the valid compared with the invalid conditions. Again, if
MT was longer for invalid vs valid cue conditions, it was
possible that the deceleration phase would have been longer
for the invalid cue condition compared with the valid

condition (as the changes required in the invalid condition to



82
allow an accurate movement were likely to have been made
during this phase). If the deceleration phase was longer for
invalid than valid cue conditions, then it was expected that
the accuracy (i.e., resultant error) would have been
equivalent in the two conditions. If the deceleration phase
was equivalent in the two cue conditions, it was likely that
the resultant error would have been greater in the invalid
condition due to insufficient changes being made in the final
stages of the movement to allow the finger to intercept the
target accurately.

RT was expected to be faster, overall, for the Exogenous
Paradigm compared with the Endogenous Paradigm. This
hypothesis was based on the RT research that has found RT to
be faster to exogenous than endogenous cues (see Klein &
Briand, 1986 for a review).

"Costs plus benefits" was expected to be larger for the
Exogenous compared with the Endogenous Paradigm. Larger
"benefits" were expected because there would have been no need
to shift attention or program a movement when the target was
indicated in the valid condition of the Exogenous Paradigm. In
contrast, there would still have been a need to shift
attention to the target position prior to having made the
movement in the Endogenous Paradigm (thus, less benefit of the
cue). There would also have been larger "costs" for the
Exogenous over the Endogenous Paradigm because (in invalid

conditions) there would have been the requirement to
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disengage, shift and reengage attention plus make changes to
the motor program when the target was presented while this
would not have been required in the Endogenous Paradigm.

aterality Of Target Positio ect

RT was expected to be faster, MT shorter, PV higher,
percent deceleration shorter, and resultant error smaller, for
movements to targets presented in the ipsilateral hemispace
(i.e., right) than to the contralateral hemispace (i.e.,
left). Percent deceleration was expected to be shorter to
targets presented in the ipsilateral compared with the
contralateral hemispace.

Meridian Effect

There was expected to be a meridian effect for the
Exogenous Paradigm but not for the Endogenous Paradigm. This
is based on the notion that a shift of attention is necessary
for the meridian effect, and it was hypothesized that there
would have been no shift of attention in the Endogenous
Paradigm of the current study. However, given the exploratory
nature of this analysis, the Endogenous Paradigm was also
examined for a meridian effect.

The meridian effect was expected to be found for RT for
the Exogenous Paradigm (i.e., RT was expected to be faster for
trials where the cue and targets were on the same side of the
vertical meridian compared to those where the cue and target
were on opposite sides of the vertical meridian). Since no

kinematic variables had ever been examined for the meridian
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effect, no specific hypotheses could be made for these
variables (i.e., MT, PV, % deceleration, resultant error).
However, given the exploratory nature of this analysis, all

variables will be examined for meridian effects.
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ANALYSIS 1

CUE CONDITION
Analysis 1 was a 3 (Cue Condition - Valid, Invalid,

Neutral) x 2 (Target type - Exogenous, Endogenous)
Multivariate Within Subject Repeated Measures Analysis of
Variance Design (MANOVA) using a SAS General Linear Models
procedure. Dependent measures were reaction time (RT),
movement duration time (MT), peak velocity (PV), percent
deceleration, and resultant error.

"Costs plus benefits" (i.e., invalid minus valid cue
condition) was examined using planned paired comparisons. The
least squares adjusted means were examined to determine the
differences in the "costs plus benefits" for the Exogenous and
for Endogenous Paradigms for each of the dependent variables
(i.e., RT, MT, PV, percent deceleration, resultant error).

sults

The multivariate MANOVA revealed a multivariate effect of
cue condition, F(10, 50) = 5.30, p < .0001, and of target
type, F(5, 10) = 8.53, p < .005. There was a marginal
multivariate cue condition by target type interaction F(10,
50), = 1.99, p = .05. The significance of the multivariate
effects allowed the inspection of the univariate repeated
measures Analysis of Variance (ANOVA) for each of the five

dependent variables.
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Reaction Time (See Figure 4.1)

Results of the univariate repeated measures ANOVA on RT
indicated that there was a main effect of cue condition, F(2,
28) = 35.24, p < .0001. Post-hoc comparison t-tests using the
least squares adjusted means (collapsing across target type)
indicated that the mean RT for the valid condition (M =
386.9ms, SE = 5.9ms) was significantly faster than that of the
neutral condition (M = 477.1ms, SE = 10.3ms; £ = 7.56, p <
.0001) and the invalid condition (M = 451.7ms, SE = 10.3ms; t
= 5.42, p < .0001). RT for the neutral and the invalid cue
conditions did not differ significantly from each other,
although there was a trend for the neutral condition to have
longer RT than the invalid condition (t = 1.74, p = .09).

There was also a main effect of target type, F(1, 14), =
52.13, p < .0001, with the Exogenous target type having a RT
advantage which averaged 75.9ms over the Endogenous target
type (M for Exogenous target type = 400.6ms, SE = 7.4ms; M for
Endogenous target type = 476.5ms, SE = 7.4ms; £t = 7.22, p <
.0001). A cue condition by target type interaction, F(2, 28)
= 5.15, p < .01 was evident. Although the pattern of results
were the same for the two target types (i.e., Valid < Invalid
< Neutral), there was a difference in the magnitude of the
"costs plus benefits" between the target types. The "costs
plus benefits" for the Exogenous Paradigm was 55.3ms (£ =
7.94, p < .0001) and was 74.3ms for the Endogenous Paradigm (t

= 10.65, p < .0001). A statistical contrast examining the
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difference between the "costs plus benefits" for the two
target paradigms was marginally significant (E = 3.69, p =
.06) . The effects of target type did not differ in each of the
cue conditions. The RT for the valid conditions was faster for
the Exogenous compared with the Endogenous Paradigm (t =
12.12, p < .0001). The RT for the neutral conditions was
faster for the Exogenous compared with the Endogenous Paradigm
(¢ = 10.43, p < .0001). The RT for the invalid condition of
the Exogenous Target Paradigm was faster than the invalid

condition of the Endogenous Paradigm (t = 9.22, p < .0001).
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Figure 4.1 - Reaction time as a function of cue condition

and target paradigm. The error bars represent
the standard error of the least squares means.
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Movement Duration Time (See Figure 4.2)

Results of the repeated measures ANOVA for MT revealed a
main effect of cue condition, F(2, 28) = 7.92, p < .002. Post-
hoc comparison t-tests using the least squares adjusted means
(collapsing across target type) indicated that the mean MT for
the valid condition (M = 576.3ms, SE = 2.7ms) was
significantly less than that of the invalid condition (M =
597.3ms, SE = 4.7ms; £ = 3.82, p < .0007). Mean MT's differed
only marginally between the valid and the neutral (M =
587.3ms, SE = 4.7ms) conditions (t = 2.01, p = .05) and were
equivalent for the neutral and invalid conditions (t = 1.48,
p = .15).

There was no main effect of target type on MT, F(1, 14),

= ,19, p = .67 (M for Exogenous target type = 583.9ms, SE
9.8ms; M for Endogenous target type = 590.0ms, SE = 9.8ms, &t
= 0.44, p = .67) but there was a significant cue condition by
target type interaction, F(2, 28) = 4.26, p < .05. An
examination of the cue conditions within each of the two
target types (using the least squares adjusted means) revealed
different patterns of results for the two target types. In the
Exogenous Paradigm, the valid cue condition had a shorter MT
(M = 577.8ms, SE = 2.2ms) than the invalid condition (M =
590.1ms, SE = 3.8ms; £ = 2.76, p < .01) although neither
differed from the neutral condition (M = 583.8ms, SE = 3.8ms;
both p values > .05). In the Endogenous Paradigm, however, the
valid cue condition had a shorter MT (M = 574.8ms, SE = 2.2ms)
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than both the invalid (M = 604.5ms, SE = 3.8ms; £ = 5.99, p <
.0001) and the neutral conditions (M = 590.8ms, SE = 3.8ms; t
= 3.61, p < .0001). The neutral condition also had a shorter
MT than the invalid condition (¢t = 2.50, p < .02). Thus, the
magnitude of the "costs plus benefits" for MT was less in the
Exogenous (12.3ms) Paradigm than in the Endogenous (29.7ms)
Paradigm (F = 7.65, p < .0l1). Also contributing to the
interaction was the difference in target paradigm for each of
the cue conditions. For the valid and neutral conditions, the
effect of target type was not significant (£ = 0.95, p = .35
for the valid conditions; £t = 1.28, p = .21 for the neutral
conditions). For the invalid conditions, MT was shorter for
the Exogenous (M = 590.1ms) compared with the Endogenous (M =

604.5ms) Paradigm (t = 2.64, p < .01).
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Figure 4.2 - Movement time as a function of cue condition
and target paradigm. The error bars represent
the standard error of the least squares means.
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Peak Velocity (See Figure 4.3)

Results of the univariate repeated measures ANOVA
revealed a main effect of cue condition, F(2, 28) = 11.68, p
< .0005. Least squares adjusted means (collapsing across
target type) indicated that the valid condition had a slightly
higher peak velocity (M = 9l1l.lcm/sec, SE = 0.2cm/sec) than
both the invalid (M = 89.0cm/sec, SE = 0.3cm/sec; t = 4.71, p
< .0001) and the neutral conditions (M = 90.lcm/sec, SE =
0.3cm/sec; £ = 2.22, p < .05) with the neutral condition
having a marginally higher PV than the invalid condition (t =
2.03, p = .05). There was no main effect of target type, E (1,
14), = .00, p = .98 (M for Exogenous target type = 90.1lcm/sec,
SE = 1.3cm/sec; M for Endogenous target type = 90.0cm/sec, SE
= 1.3cm/sec; £ = 1.34, p = .20).

There was a marginal cue condition by target type
interaction, F(2, 28) = 3.08, p = .06. Given this marginal
interaction, cue condition within each of the target types was
examined with post-hoc comparisons (t-tests) using the least
squares adjusted means. These revealed slightly different
patterns of results for the two target types. For the
Exogenous Paradigm, the valid condition had a higher peak
velocity (M = 90.6cm/sec, SE = 0.3cm/sec) than the invalid
condition (M = 89.3cm/sec, SE = 0.5cm/sec; t = 2.37, p < .05)
while neither differed from the neutral condition (M = 90.2,
SE = 0.4cm/sec; both p values > .05). In the Endogenous

Paradigm, the valid condition had higher PV (M = 91.6cm/sec,
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SE = 0.2cm/sec) than both the invalid (M = 88.6cm/sec, SE =
0.4cm/sec; £t = 5.51, p < .0001) and the neutral conditions (M
= 89.9cm/sec, SE = 0.4cm/sec; £ = 3.00, p < .006). The invalid
and the neutral conditions differed only marginally, &£ = 2.05,
p = .05. Thus, while the "costs plus benefits" for PV were
only 1.3cm/sec (p < .05) for the Exogenous Paradigm, they were
3.0cm/sec (p < .0001) for the Endogenous Paradigm. These
differences in the "costs plus benefits" between the two
target paradigms was statistically significant (FE = 4.95, p <
.05) .

Also contributing to the interaction was the difference
in target paradigm for each of the cue conditions. For the
invalid and neutral conditions, the effect of target type was
not significant (t = 1.15, p = .26 for the invalid conditions;
t = 0.45, p = .66 for the neutral conditions). For the valid
conditions, PV was higher for the Endogenous (91.6cm/sec)

compared with the Exogenous (90.6 cm/sec) Paradigm (t = 2.45,

p < .02).
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Figure 4.3 - Peak velocity as a function of cue condition

and target paradigm. The error bars represent
the standard error of the least squares means.
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Percent Deceleration (See Figure 4.4)

Results of the repeated measures ANOVA for percent
deceleration indicated that there was a marginal main effect
of cue condition F(2, 28) = 3.29, p = .05. Post-hoc
comparisons indicated that this marginal main effect was
accounted for by a significant difference between the valid (M
= 61.1%, SE = 0.2%) and the neutral (M = 61.9%, SE = 0.3%)
conditions (t = 2.40, p < .02) (collapsing across target type)
with a higher percentage of the movement completed in the
deceleration phase in the neutral compared with the valid
condition. No other significant differences among cue
conditions were evident.

There was no main effect of target type, F(1, 14), =
1.79, p = .20 (M for Exogenous target type = 61.1%, SE = 0.5%;
M for Endogenous target type = 62.0%, SE = 0.5cm/sec). No cue
condition by target type interaction, F(2, 28) = 2.03, p = .15
was evident. Planned comparisons using the least squares
adjusted means indicated that there were no significant "costs
plus benefits" for the Exogenous target type (0.13%, £ = 0.41,
p = 0.68) . The "costs plus benefits" for the Endogenous target
type was statistically significant (£ = 2.71, p < .01) but was
small in magnitude (0.9%). The differences in the "costs plus
benefits" between the two target paradigms was not significant

(F = 2.66, p = .11).



96

e -Exogenous Target

65
v -Endogenous Target
64
c 63
2
9
(7]
D g2
3
O 5
o
E 61 E/K{
3 |
()
Q- 60}
59
58 1 L 13 }
Valid Neutral Invalid
Cue Condition

Figure 4.4 - Percent deceleration as a function of cue condition
and target paradigm. The error bars represent
the standard error of the least squares means.
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Resultant Error (See Figure 4.5)

Results of the repeated measures ANOVA indicated there
was no main effect of cue condition, F(2, 28) = .17 p = .85,
no main effect of target type, F(1, 14) = 2.91, p = .11, and
no cue condition by target type interaction F(2, 28) = .80, p
= .46. There were no "costs plus benefits" for either the

0.29, p = .77) or the Endogenous

Exogenous Paradigm (t
Paradigm (t = 1.21, p = .24). Least squares adjusted means
resultant error ranged from 7.8mm to 8.0mm for the Exogenous

Paradigm and 7.4mm to 7.7mm for the Endogenous Paradigm.
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Neutral Cues
The RT advantage for Exogenous targets in the current
study are best illustrated by direct comparison of the neutral
cue conditions for the two target paradigms. This comparison
revealed that RT was approximately 89ms faster (t = 10.43, p
< .0001) for the Exogenous compared with the Endogenous
Paradigm in the absence of any confounding effects of covert
shifts of attention or advance motor programming information.
The results of the neutral cue conditions for the
dependent variables often failed to fall between those of the
valid and invalid conditions. Thus, the value of the neutral
cues, in the current study, appeared to be their ability to
provide the means for a direct comparison of the Exogenous and
the Endogenous Paradigms, rather than as a basis for
calculating "costs" and "benefits" within the target
conditions. Comparing the remaining dependent variables on the
neutral cue conditions of the two target paradigms (using the
least squares adjusted means) indicated that percent
deceleration was slightly shorter (t = 2.72, p < .01) and
resultant error was slightly greater (t = 2.17, p < .05) for
the Exogenous Paradigm compared with the Endogenous Paradigm.
However, there was no significant difference in MT or PV.
Thus, exogenously presented targets had a RT advantage and a
slight disadvantage in accuracy compared with endogenously
presented targets. The fact that RT was slower for the
Endogenous Paradigm but MT and PV did not differ between the
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two paradigms suggests that the differences in information
processing requirements for the two types of targets occurred
prior to the initiation of the movement. The most likely
difference in the two paradigms appeared to be in the
addiﬁional decision process in the Endogenous Paradigm (i.e.,
interpreting the numeric digit presented at the centre to
indicate the target position and translating this into a
movement to the corresponding peripheral target). This finding
has important implications for the interpretation of the

results of the two paradigms.
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ANALYSIS 2
HEMISPACE OF TARGET POSITION

The analysis used to examine the effects of hemispace of
target position relative to the body midline (i.e., left vs
right) was a one-way Multivariate Repeated Measures Analysis
of Variance. Dependent measures were RT, MT, PV, percent
deceleration, and resultant error. A series of a priori
planned paired comparisons using the least squares adjusted
means was conducted to examine the differences between the
hemispace variables.

Two variables were created for this analysis. "Target
Left" included all trials for which the targets were either
win or ®2%, "Parget Right" included all trials for which the
targets were either "3" or "4". A preliminary analysis
indicated that there were no interactions among target type
and hemispace of target position; therefore, the hemispace
variables were collapsed across both experimental paradigms
(Exogenous and Endogenous) to provide greater statistical
power for the analysis. All cue types were collapsed for this
analysis as counterbalancing would negate any differences as
a function of cue as there were the same number of valid,
invalid and neutral cues on each of the left and right sides.

Results (See Tables 4.1 and 4.2)

The multivariate MANOVA revealed a multivariate effect of

hemispace of target position, F(5, 10) = 22.89, p < .0001. The

significance of the multivariate analysis allowed the
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inspection of the univariate mixed model Analysis of Variance
(ANOVA) for each of the five dependent variables.

Results of the univariate repeated measures ANOVA's
revealed significant main effects of hemispace of target
position for RT, F(1, 14) = 7.49, p < .05, for MT, E(1, 14) =
73.82, p < .0001, for PV, F(1, 14) = 50.26, p < .0001, and for
percent deceleration, F(1, 14) = 8.81, p < .01l. There was a
marginal main effect of hemispace of target position for
resultant error, F(1, 14) = 4.38, p = .06.

In contrast to most studies, which have found RT to
targets presented in the hemispace ipsilateral to the moving
hand to be faster than that to targets in the hemispace
contralateral to the moving hand, examination of the 1least
squared adjusted means indicated that movements to targets in
the left hemispace (i.e, contralateral) were initiated
significantly faster than those to targets in the right
hemispace (M for target left = 414.8ms, SE = 1.7ms; M for
target right = 421.2ms, SE = 1.7ms; p < .05). Since this
result is at odds with those of previous research (e.g., Fisk
& Goodale, 1984, 1985), a measure of RT derived from the
WATSCOPE data file was also examined (i.e., mouse release by
the finger as opposed to kinematically derived measure of RT
[i.e., knuckle IRED movement]). However, the results of this
data analysis indicated no differences in RT as a function of
hemispace of target presentation [F(1, 14) = 0.62 p = .62; M
for target left = 450.5ms, SE = 1.6ms; M for target right =
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449.3ms, SE = l.6ms].
Movement duration was significantly shorter for movements

to targets in the ipsilateral compared with contralateral

hemispace (M for target left = 606.4ms, SE = 3.9ms; M for
target right = 559.1ms, SE = 3.9ms, p < .0001). PV was
significantly higher to targets in the ipsilateral compared
with the contralateral hemispace (M for target left =
85.3cm/sec, SE = 1.0cm/sec; M for target right = 95.6cm/sec,
SE = 1.0cm/sec) . Percent deceleration was significantly longer
to targets in the ipsilateral compared with the contralateral
hemispace (M for target left = 59.8%, SE = 0.8%; M for target
right = 63.0%, SE = 0.8%). Resultant error tended to be
slightly greater to targets in the ipsilateral compared with
contralateral hemispace (M for target left =7.3mm, SE = 0.3mm;
M for target right = 8.1mm, SE = 0.3mm; p = .06).

The possibility that collapsing the cue conditions had
some influence on these results was considered (although
counterbalancing makes this seem unlikely). However, an
analysis conducted using reaches of neutral cues only provided
the same pattern of results: once again, the overall
multivariate main effect of hemispace of target position was
significant, F(4, 11) = 15.70, p < 0002. As illustrated in
Table 4.2, the pattern of results for the neutral cues was

similar to that for all cues combined.
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Table 4.1
emispace o ositi (all cue conditions)

RT RT MT PV $Decel Error

(Ired 2) (WATSCOPE)

Target Left 414.8% 450.5 606.4° 85.3® 59.8° 7.3¢°
SE 1.7 1.7 3.9 1.0 0.8 0.3
Target Right 421.2° 449.3 559.2° 95.6° 63.0° 8.1°
SE 1.7 1.7 3.9 1.0 0.8 0.3

Same letter suprascripts indicate significant differences.
& p < .05
b p < .0001

¢, p= .06
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Table 4.2
Hemispace of Target Position Effect (neutral cues only)

RT RT MT PV %Decel Exrror

(Ired 2) (WATSCOPE)

Target Left 470.2* 506.7 610.5> 84.8® 60.3° 7.1
SE 3.7 3.4 4.9 1.0 0.8 0.3
Target Right 483.9° 514.6 563.9° 95.2> 63.5° 8.1°
SE 3.7 3.4 4.9 1.0 0.8 0.3

Same letter suprascripts indicate significant differences.

8% p < .05
b, p < .0001

¢, p= .05
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ANALYSIS 3
MERIDIAN EFFECT

Since the hemispace of target position effects have been
noted for the pointing movements used in this study, there
was fhe need to examine the effect of meridian without
confounding hemispace of target position issues. To control
for this, two sets of comparisons were conducted. One
comparison examined the meridian effect for contralateral
reaches (i.e., target left of centre), and one examined the
meridian effect for ipsilateral reaches (i.e., target right of
centre). Each of these two comparisons included a contrast of
the situation in which the cue and target were in the same
hemispace (i.e., within-hemispace) with the situation in which
the cue and the target were in the opposite hemispaces (i.e.,
between-hemispace) .

Since the cuing literature is characterized by a gradient
of performance around the cued location (e.g., Downing &
Pinker, 1985; McCormick & Klein, 1990), it is necessary to
assess the meridian effect using targets that are equated for
distance between the cue and target. Therefore, to investigate
the meridian effect for contralateral targets, a within-
hemispace cue and target condition (cue = 1, target = 2) was
compared with a with a between-hemispace cue and target
condition (cue = 3, target = 2). To investigate the meridian
effect for ipsilateral targets, a within-hemispace cue and

target condition (cue = 4, target = 3) was compared with a
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between-hemispace cue and target condition (cue = 2, target =
3).

Since the meridian effect has previously been noted only
for endogenous cues paired with exogenous targets (e.g.,
Reuter-Lorenz & Fendrich, 1992; Rizzolatti et al., 1987;
Umilta et al., 1991), it was deemed appropriate to compare
each of the two target paradigms individually. Thus there was
a within- and between-hemispace comparison for ipsilateral and
for contralateral targets for both the Exogenous and the
Endogenous Paradigms (i.e., 4 separate analyses).

Each analysis was a one-way Multivariate Repeated
Measures Analysis of Variance (MANOVA). Dependent measures
were RT, MT, PV, percent deceleration, and resultant error. A
series of a priori paired comparisons using the least squares
adjusted means was conducted to examine the differences
between the within and between hemispace values. Since only
invalid trials were used for this analysis, the overall number
of observations per cell was small. Therefore this analysis
has limited power and should be considered exploratory.

Results (See Table 4.3)

The multivariate effect for the within and between
hemispace comparisons for contralateral targets for the
Exogenous Paradigm was not significant E(5, 10) = 0.70, p =
.63, nor was the multivariate effect for the within and
between hemispace comparisons for contralateral targets in the

Endogenous Paradigm, F(5, 10) = 1.95, p = .17.
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The multivariate effect for within and between hemispace
comparisons for ipsilateral targets for the Exogenous Paradigm
was not significant, F(5,10) = 0.99, p = .47, nor was the
multivariate effect for the within and between hemispace
comparisons for ipsilateral targets in the Endogenous
Paradigm, F(5, 10) = 0.46, p = .79.

Although the MANOVA was not significant, a priori planned
comparisons allowed the examination of the univariate effect
for each dependent variable. For the contralateral targets in
the Exogenous Paradigm, none of the dependent measures were
significant (all p values > .05). For the Endogenous Paradigm,
only resultant error approached significance, F(1, 14) = 4.71,
p = .05. There was a trend for movements to targets where the
cue and target were in the same hemispace to be less accurate
than those to targets where the cue and the target were in
opposite hemispaces. All other dependent measures were
nonsignificant (all p values > .05).

Examining the univariate effect for each dependent
variable for the ipsilateral targets in the Exogenous
Paradigm, revealed that MT was significant, E(1, 14) = 5.76,
p < .05 and that PV was marginally significant, E(1, 14) =
3.86, p = .07. No other dependent measures were significant
(all p values > .05). As Table 4.3 illustrates, MT was longer
and PV slightly lower to targets where the cue and target were
in the same hemispace compared to targets where the cue and

target were in opposite hemispaces.
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Table 4.3

Meridian Effect for ogenous and Endogenous Targets as a
ction o ispace o t (C at vs Ipsilatera

RT MT PV $Decel Exrror
CONTRALATERAL TARGETS

Exogenous

Within 395.3 604.6 89.4 58.3 7.4

SE 10.8 8.7 0.8 0.7 0.7

Between 409.2 607.8 88.5 59.8 7.9

SE 10.6 8.6 0.8 0.7 0.7

Endogenous

Within 504.1 624.3 88.9 61.5 7.6%

SE 10.2 10.2 1.7 1.1 0.5

Between 514.1 620.3 89.4 63.0 6.0°

SE 9.9 10.0 1.6 1.1 0.5

IPSILATERAL TARGETS

Exogenous

Within 401.0 594.3° 94.9¢ 61.7 7.6

SE 9.4 10.9 0.9 0.8 C.4

Between 404.9 557.1° 97.7¢ 61.3 7.6

SE 9.6 11.1 0.9 0.8 0.4

Endogenous

Within 477.8 585.3 93.9 62.4 8.1

SE 11.4 8.8 1.2 0.8 0.5

Between 475.2 603.1 92.5 62.1 8.0

SE 11.2 8.6 1.2 6.8 0.5

8 indicates a trend toward significance, (p = .05).
b jndicates significance, (p < .05).

¢ indicates a trend toward significance (p =.07)
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DISCUSSION
Constant Accura

For both exogencus and endogenous overt movements,
resultant error was equivalent across cue validity conditions.
Thus, movements to invalidly cued targets had the necessary
re-programming completed prior to movement completion in order
to ensure the maintenance of accuracy. This finding suggests
that, in the current study, even when instructed to complete
the movement "as quickly and as accurately as possible", the
subjects prioritized the maintenance of accuracy. Indeed, from
the perspective of everyday human activities, such a strategy
may be the most effective as there is little reward (and even
punishment) in our daily lives for reaching inaccurately to
rigid surfaces or objects in the environment.

Cuing Effects

As hypothesized, results of the current study indicate
that cuing was effective in facilitating performance, for both
exogenous and endogenous overt movements. For both target
paradigms, consistent with hypotheses, RT was faster, MT was
shorter, and PV was higher for movements to validly cued
targets compared with movements to invalidly cued targets. It
was hypothesized that, given the above results (faster RT,
shorter MT, and higher PV for validly cued movements) percent
deceleration would be longer for invalidly cued movements
compared with validly cued movements, in order to maintain

equivalent accuracy. This was not the case. Percent



111
deceleration and resultant error were equivalent for the valid
and invalid conditions. This finding suggests that, although
modifications to the motor program took place on-line in the
invalid condition (as evidenced by longer MT), these changes
were not more likely to occur in the deceleration phase of the
movement for invalid than for valid cue conditions. Thus, on
the basis of the MT and percent deceleration data one can
assume that no greater end-point corrections (i.e., as the
finger came closer to intercepting the target) were required
in the invalid conditions than in the valid conditions to
maintain constant accuracy. Note that this is not to say that
a greater amount of changes did not take place for both the
valid and invalid cue conditions in the deceleration as
compared to the acceleration phase of the movement (as the
acceleration and deceleration phases were not compared for
each target paradigm), but that the deceleration phases were
equivalent in duration for both conditions.

In addition to the findings described above for the cue
conditions, there were also differences in the magnitude of
the effects of cue condition between the two target paradigms.
These magnitude differences revealed subtle variations in the
reprogramming of movements (i.e., changes made to the
originally preprogrammed movement necessitated by the invalid

cues) of the Exogenous and the Endogenous Paradigms.

There was an overall RT advantage for exogenous overt
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movements over endogenous overt movements. This was true both
for situations where informational cues were provided (i.e.,
valid and invalid) and for neutral cue conditions. This
advantage was expected, based on previous research literature
compafing exogenous and endogenous cues where exogenous cues
(somewhat analogous to the exogenous targets used in this
study) have been found to elicit faster RT, to be less likely
to be ignored, and to "automatically" draw attention even if
an individual is attending to another location (Jonides, 1981;
Klein, 1993; McCormick, 1997; Muller & Rabbit, 1989; Posner,
1980; Yantis & Jonides, 1984). This exogenous advantage is
also consistent with studies which have found abrupt onset
targets to automatically elicit a shift of attention (Jonides
& Yantis, 1988; Juola, Koshino, & Warner, 1995). Thus, the
target presentation itself can be considered to be responsible
for the overall RT advantage for exogenous overt movements, in
the current experiments, regardless of any effects of shifts
of attention or motor programming elicited by the
informational cues.

Exogenous Paradigm

The Exogenous Paradigm of the current study was based on
the paradigm of Posner et al. (1978) which demonstrated the
existence of a covert shift of attention to cued locations
prior to target presentation through a simple reaction time
response. However, the aiming movement used in this study also

required complex motor programming of a visually directed,
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multi-joint limb movement through 3-dimensional space. Thus,
the present Exogenous Paradigm was thought to incorporate both
a covert shift of attention with programming of a complex
motor response. The results of the current study revealed that
RT was faster, MT shorter, and PV higher for validly cued
targets relative to invalidly cued targets. These findings
reveal that the facilitation of the movement elicited by a
valid cue was not limited to the measure of reaction time but
was also noted in certain aspects of the kinematics of the
movement. This, in turn, suggests that while some changes to
pre-planned motor responses to invalidly cued targets were
made prior to movement initiation, further adjustments were
made during movement execution. Since the deceleration phase
was equivalent for both valid and invalid conditions, even
though MT was longer for the invalid than the valid condition,
any such on-line modifications of the motor program were not
limited to visual feedback-based corrections in the final
approach of the target for invalid cues compared with valid
cues. The results support the notion that all parameters of
the motor program are not specified prior to its initiation
(e.g., Rosenbaum, 1980) and that further specification is
completed during its execution (e.g., Elliott & Calvert,
1990).

Endogenous Paradigm
The Endogenous Paradigm of the current study was based on

that of Rosenbaum and colleagues (Rosenbaum, 1980; Rosenbaum
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& Kornblum, 1982) where cued information is thought to allow
the programming of movements prior to target presentation. As
previously described, this paradigm was considered to involve
motor programming only and not a shift of attention (since
target information was presented at centre). Results of the
Endogenous Paradigm were similar in pattern to those of the
Exogenous Paradigm in that RT was faster, MT shorter, and PV
higher for validly cued compared with invalidly cued targets,
while percent deceleration and resultant error were
equivalent. As with the Exogenous Paradigm, valid information
regarding the future target position facilitated motor
programming and this facilitation was noted for both RT and
for the kinematic variables of MT and PV. Thus, it once again
appeared that, even in the absence of a presumed shift of
visual attention, some changes to an incorrectly preplanned
movement were made prior to its initiation, while further
changes were made during its execution (e.g., Elliott &
Calvert, 1990).

It was of interest to examine the differences in the
effects of cuing between the two paradigms in order to make
inferences regarding the effects of movements carried out when
there was both a shift of attention and motor programming in
contrast to when there was motor programming only.

" "

®"Costs plus benefits" (i.e., invalid minus valid

condition) was used to examine the differences in the effects
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of cuing between the two paradigms. "Costs plus benefits" has
been considered to be the most reliable manner for examining
cuing effects (Jonides & Mack, 1984; Posner, 1986). The
decision not to separate "costs" and "benefits" measures in
the current study was based, in part, on the present finding
that RT was often slower and MT longer for the neutral cue
condition compared with both the valid and invalid cue
conditions. As well, in some comparisons in the present study,
performance of the neutral cue condition was equivalent to
that of either the valid or the invalid cue conditions. This
failure to find neutral cue condition performance falling
between valid and invalid cue performance has also been noted
by others (e.g., Greenwood et al., 1993; Tellinghuisen et al.,
1996). Thus, in some situations, the lack of information
provided by the neutral cue appears to make it an inherently
different task from either of the validly or invalidly cued
conditions. This has been discussed at 1length by other
researchers (e.g., Jonides & Mack, 1984; Posner, 1986).

As a result of the lack of separate "costs" and
"benefits", only the "costs plus benefits" of the Exogenous
and Endogenous Paradigms were compared in an attempt to
isolate the effects of shifts of attention from motor
programming. If, as hypothesized, there was a shift of
attention plus motor programming in the Exogenous Paradigm and
motor programming only in the Endogenous Paradigm, then it
would be expected that there would be larger "costs plus
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benefits" of the Exogenous over the Endogenous Paradigm. This
would result from both the extra advantage and the added
disadvantage for the valid and invalid cue conditions,
respectively, in the Exogenous compared with the Endogenous
Paradigm. In contrast to these expectations, however, the
"costs plus benefits" for RT, MT, PV and percent deceleration,
in the current study, were smaller for the Exogenous Paradigm
than for the Endogenous Paradigm. This suggests the
possibility that the young subjects in this study may not have
shifted attention when presented with the cue in the Exogenous
Paradigm but were merely preparing a response (refer to
Alternative # 3 on page 49). However, this interpretation is
based on the assumption that the preparation of a pointing
movement in the two paradigms was equivalent. It is possible
that it was not (as was illustrated in the various
alternatives of the task analyses outlined in the
introduction). It is possible that the young subject group was
in some way "more prepared®" in the Endogenous Paradigm
(compared with the Exogenous Paradigm). Since there were
larger "costs plus benefits" for both RT and MT for the
Endogenous Paradigm compared with the Exogenous Paradigm, it
is also possible that the young subjects actually initiated
the movements in the Endogenous Paradigm before they had all
the reprogramming completed and therefore relied on more on-
line adjustments to complete the movement accurately.

While separate "costs" and "benefits"™ were not
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considered to be a good indication of cuing effects in the
current study, it is worth noting that the longer RT for
neutral cues compared with invalid cues (for both target
paradigms) may suggest that it took longer to program a
movement from "scratch" (i.e., neutral cue) than to make
changes to an incorrectly planned movement (i.e., invalid
cue) .

In summary, results of the current study indicate that,
as hypothesized, valid cuing provided an advantage (and
invalid cuing provided a disadvantage) for both exogenous and
endogenous overt movements. This facilitation was evident for
RT and for kinematic variables (MT and PV). These results
suggest that while some changes to incorrectly preplanned
(i.e., invalid) exogenous and endogenous overt movements were
conducted prior to movement initiation (resulting in longer
RT), further changes were conducted during the execution of
the movement (resulting in longer MT and lower PV) in order to
maintain equivalent accuracy. Although MT was longer for
movements to invalidly cues targets, the proportion of the
movement that was conducted during the deceleration phase of
the movement did not differ between the valid and invalid
conditions. Therefore, there was not a greater requirement to
make end-point corrections based on visual feedback in the
invalid compared with the valid conditions in order to

maintain constant accuracy.
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SPACE OF G OSITION

Results of the current study indicate that movements to
targets in the ipsilateral hemispace were completed in a
shorter amount of time (i.e., shorter MT), had a higher PV,
and hﬁd a greater percentage of the movement completed in the
deceleration phase (i.e., less of the movement completed in
the acceleration phase) compared with movements to targets in
the contralateral hemispace. The advantage of movements to the
ipsilateral hemispace for MT and PV found in the current study
are consistent with those noted by previous researchers (e.g.,
Fisk & Goodale, 1984, 1985; Carey et al., 1996).

Neither of the results for RT noted in the current study
using the trigger release or the kinematic data (i.e.,
equivalent RT to targets in the ipsilateral and contralateral
hemispaces; longer RT to targets in the ipsilateral hemispace,
respectively) are consistent with those of Fisk and Goodale
(1984) or Fisk and Goodale (1985), experiment 1 and experiment
2 (when the eyes were focused at the central fixation point)
who found RT was faster to ipsilateral targets. The result of
equivalent RT to targets in the ipsilateral and contralateral
hemispaces (using the trigger release data) are consistent
with those of Fisk and Goodale (1985), experiment 2 using
eccentric fixation points where subjects fixated on a position
in the same hemispace that the target was presented (as
opposed to central fixation). The result of equivalent RT for

targets in the ipsilateral and contralateral hemispaces and of
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a longer percent deceleration for targets in the ipsilateral
hemispace is also consistent with the results of Carey et al.,
(1996). In experiment 1 of the study of Fisk and Goodale
(1985), the percent deceleration of the movements was longer
than the percent acceleration of the movements for both
ipsilateral and contralateral movements. The findings in the
current study of equivalent accuracy for movements to targets
in the ipsilateral and contralateral hemispaces is also
consistent with the results found by Carey et al. (1996) who
had subjects point either to the position that the target was
presented to or the mirror symmetrical position of the target.
The differences were found to result from the hemispace that
the limb reached to and not to the hemispace where the target
had been presented.

In the current study, since PV was higher (and MT
shorter) for movements to the ipsilateral hemispace compared
with those to the contralateral hemispace, it is likely that
subjects had to begin to decelerate early (during movements to
the ipsilateral hemispace) in order to avoid hitting the
computer screen with too much force. For movements to the
contralateral hemispace, where the PV was lower and the MT
longer, there may have been less need to decelerate early as
adjustments could be conducted more smoothly over the complete
trajectory.

In the present study, the difference in the results for

RT using the trigger release (i.e., RT equivalent for



120
ipsilateral and contralateral reaches) and the kinematic data
(i.e., longer RT to ipsilateral compared with contralateral
targets) suggests that the subjects in this study began
movements to contralateral targets by lifting the knuckle
relatively earlier and began movements to ipsilateral targets
by lifting the finger relatively earlier. On average, however,
knuckle movement consistently preceded finger movement.

In summary, there is evidence for an effect of MT, PV,
and percent deceleration in the current study. The results
suggest that these effects were likely due to the constraints
imposed by biomechanical factors related to joint and muscle
function (Carey et al., 1996; Fisk & Goodale, 1985).

MERIDIAN EFFECTS

A "meridian effect" is present when RT is longer in the
situation where a precue and a target are presented in
opposite hemifields (either vertically or horizontally),
compared to the situation where they are presented within the
same quadrant. This effect has been noted in the RT literature
using endogenous precues and exogenous targets (Reuter-Lorenz
& Fendrich, 1992; Rizzolatti, Riggio, Dascola, & Umilta, 1987;
Umilta, Riggio, Dascola, & Rizzolatti, 1991) and to be absent
in those paradigms pairing exogenous precues with exogenous
targets (Reuter-Lorenz & Fendrich, 1992; Umilta et al., 1991).

The meridian effect has been considered to provide
evidence that covert shifts of visual attention and overt eye

movements are under the control of the same mechanism (e.g.,
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Rizzolatti, Riggio, Dascola, & Umilta, 1987). Given that only
the Exogenous Paradigm in the current study was considered to
involve a shift of attention, but that a similar effect might
exist for motor programming of directed 1limb movements
(Rizzolatti et al., 1987; Sheliga et al., 1997) this effect
was examined separately in both the Exogenous and the
Endogenous Paradigms (both of which involve motor programming
but only the former involves an attentional shift). As well,
given the effects of the hemispace of target position found,
it was necessary to examine the meridian effect for
ipsilateral and contralateral targets separately.

As hypothesized, there was no meridian effect for the
Endogenous Paradigm for either ipsilateral or contralateral
targets. Although there was a trend (p = .05) for resultant
error to be slightly greater for targets where the cue and
target were presented in the same hemispace for contralateral
targets, in the absence of any significant differences in the
other dependent variables, this finding is considered
coincidental and irrelevant.

In the Exogenous Paradigm, there were no differences in
the dependent measures for contralateral targets as a function
of crossing the meridian. For ipsilateral targets, there was
no difference in RT (which has been considered the hallmark of
the meridian effect). There was a significant difference in MT
(and a trend for significance for PV) as a function of

crossing the meridian. However, the direction of this
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difference was opposite what would be expected given that
crossing the meridian is associated with a disadvantage. That
is to say that MT was longer (and the PV slightly lower) when
the cue and target were presented in the same hemispace
compared to when they were presented in opposite hemispaces.
Had this result been related to crossing the meridian (as
described in the literature), one would have expected that MT
would have been shorter instead of longer when one did not
have to cross the meridian. It is not clear why the current
result is seen with ipsilateral and not contralateral
movements. There may be biomechanical aspects of reaching
across the body midline that negate any effects for
contralateral movements. This has not yet been noted in the
literature on meridian effects and may reflect the fact that
these paradigms have been limited to measures of RT and have
not used complex movements.

The absence of a meridian effect for RT in the in the
Exogenous Paradigm of the current study may have been due to
differences in the experimental design. Previous studies have
examined a simple manual movement (button press) or a saccadic
eye movement. As well, most of the previous studies used an
apparatus to hold the head in a stable position (Reuter-Lorenz
& Fendrich, 1992; Sheliga et al., 1994; Umilta et al., 1991).
The current study was interested in examining complex
movements that would closely approximate everyday movements

(where the head is generally free to move). It is also
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important to note that the current study had a small sample of
observations available to examine the meridian effect.
Previous studies have used a greater number of trials and
often had subjects perform blocks of trials on a number of
different days. It is possible that the differences noted here
result from these differences in the paradigms used or the
smaller number of observations available for analysis in this
study which reduced "power" to detect true differences.

CONCLUSIONS

Constant accuracy appeared to be the goal the subjects
used in this study, even though they were asked to make
movements with both speed and accuracy. There was an advantage
to being provided valid informational precues for both
exogenous and endogenous overt movements and a disadvantage to
being provided with incorrect information. These advantages
were not limited to the RT interval (as has been the focus of
most studies) but were also evident in the kinematic
parameters (e.g., MT, PV) of the movement trajectory and were
noted in both the Exogenous and Endogenous Paradigms.

For the young healthy adults used in this study, motor
programming for exogenous and endogenous targets had a similar
pattern of results. Exogenous overt movements had a greater
overall RT advantage compared with endogenous overt movements
but had a smaller magnitude of advantages/disadvantages (i.e.,
"costs plus benefits") as a result of informational precues.

Although part of the overall RT advantage noted in the
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Exogenous Paradigm may be attributed to the exogenous manner
of the target presentation, the MT and PV advantage cannot be
attributed to this factor (i.e., the MT and PV of the neutral
conditions for the two paradigms were equivalent). Therefore,
the MT and PV advantage of the Exogenous Paradigm (over the
Endogenous Paradigm) are interpreted as an indication that
there is a facilitation of motor programming provided by
exogenous target presentation.

The effects of hemispace of target position noted in the
current study are similar to previous research that found
shorter MT and higher PV for ipsilateral movements (Fisk &
Goodale, 1985), longer percent deceleration for ipsilateral
movements (Carey et. al., 1996) and equivalent RT and accuracy
for ipsilateral and contralateral movements (Carey et al.,
1996). As well, the laterality analysis reflected the
different pattern of muscle activation for the initiation of
movements to ipsilateral versus contralateral targets (based
on the differences noted between the finger and knuckle
IRED's). Although the knuckle movement typically preceded the
finger movement, this difference was greater for contralateral
movements. This likely reflects the increased proximal muscle
activation required for movements that cross the body midline.

There was no traditional meridian effect (i.e., longer
RT when crossing the meridian) found in this study. The
effects noted for the meridian analysis (i.e., longer MT and

lower PV for movements that did not cross the meridian) do not
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provide support for there being a disadvantage for meridian
crossing. Thus, the effects noted in the current study provide
support for those who postulate that covert shifts of
attention and eye movements (or motor programs generally) are
separate functions controlled by different mechanisms (e.qg.,
Klein and colleagues). However, it must be noted that there
were few observations available for this analysis resulting in
low "power" to detect true effects.

Results of the current study indicate that there is an
advantage to using kinematic measures in addition to RT, in
the integration of attention and motor function perspectives,
and to using complex movements (e.g., pointing, reaching)
rather than simple movements (button press or release) when
investigating visuomotor integration. The design and results
of the current study revealed the complex interaction of
attention and motor programming that must exist in everyday
functioning.

In the following chapter, the effects of covert shifts of
attention on motor programming are examined in healthy elderly
subjects. The same two paradigms that were used for the
healthy young subjects were used once again. Results from the
performance of the healthy elderly are discussed first and
then compared with those from the healthy young subjects in
order to examine the effects of aging on the integration of
attention and motor programming. Hemispace of target position

and meridian effects are also examined.



Chapter 5 - Study 2
THE EFFECTS OF VISUAL ATTENTION AND MOTOR PROGRAMMING ON

MANUAL AIMING MOVEMENTS IN HEALTHY ELDERLY ADULTS
INTRODUCTION

It is commonly thought that many of our capacities
decrease in effectiveness or efficiency as we age. This is
particularly true of the speed of both cognitive and motor
functions (see Salthouse, 1985 for a review). Although various
hypotheses have been postulated to explain this slowing, they
generally fall into two main types. The first attributes the
slowing to the neuroanatomical changes associated with aging
(e.g., loss of neurons, decreased blood flow), while the
second attributes the slowing to a change in strategies
adopted by older individuals (e.g., more cautious approaches
with a greater focus on accuracy) (see Roy, Weir, & Leavitt,
1996 for a review). These two hypotheses are not mutually
exclusive.

The following chapter is devoted to examining the changes
in visual attention and motor programming that occur with
healthy aging. It will begin by briefly addressing the
physiological changes associated with the healthy aging
process. Next, the literature on visual attention and on motor
function in healthy aging will be reviewed. The remainder of
the chapter will be devoted to presenting the details of the
current study and a discussion of the results. The same

paradigm and methodology that was used for the healthy young
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subjects was administered to the healthy elderly subjects.

Physiological Changes O in

Changes that occur to some degree in the central nervous
and motor systems of humans with the aging process include:
decreased number of neurons and synapses, dendritic
regression, reduced dopaminergic function in the basal
ganglia, and decreased number and size of muscle fibres
(Mortimer, Pirozzolo, & Maletta, 1982). These age-related
changes have been considered to contribute to a reduction in
information processing speed and to an increase in reaction
time. A reduction in the number and size of muscle fibers and
motor neurons has been considered to result in reduced muscle
strength and decreased speed of muscular contractions
(Welford, 1982). These changes have also been associated with
longer movement durations (e.g., Roy et al., 1993). Other age-
related changes include disturbances in the temporal
organization of movements, reduced speed of performance of
sequential repetitive movements, and increased performance
deficits in complex motor tasks (Welford, 1982).

Vi 1 Attenti i Agi

Research on visuospatial attention in aging has used
numerous types of paradigms and has provided results that are
somewhat inconclusive. For the most part, research suggests
that the visuospatial attention system is relatively
unaffected by the healthy aging process. This conclusion is

based on results of studies which reveal that healthy elderly
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adults are able to use cues to improve performance (eg.,
reduce RT) in a manner similar to that of healthy young adults
(e.g., Hartley, Kieley, & Slabach, 1990, experiment 1; Hartley
et al., 1992; Robin & Rizzo, 1992; Tellinghuisen, Zimba, &
Robin, 1996). An exception to this was found in a study by
Folk & Hoyer (1992), experiment 2, where elderly subjects were
unable to use cued information concerning the future target to
facilitate performance (i.e., valid RT = invalid RT). The
authors concluded that the elderly subjects required a longer
time to interpret endogenous cues compared with young
subjects.

Despite the general findings that elderly subjects are
able to use cues to facilitate performance, there have
nevertheless been some performance differences between young
and elderly adults that have been associated with the aging
process. For example, elderly subjects have generally been
found to have larger "costs plus benefits" (i.e., invalid RT
minus valid RT) compared with young subjects (e.g., Folk &
Hoyer, 1992, experiment 3; Hartley et al., 1990; Nissen &
Corkin, 1985). The larger "costs plus benefits" (or larger
ncosts" alone) of elderly subjects compared with young
subjects has led to the conclusion that there may be a slowing
of the attentional disengagement function in the healthy
elderly (for review, see D'Aloisio & Klein, 1990).

These consistent differences in the "costs plus benefits"

between elderly and young subjects have been found, by some,
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to be related to the SOA. For example, Greenwood et al.
(1993) , using a letter discrimination task, noted that elderly
subjects had larger "costs plus benefits" at a 500ms SOA and
showed a trend toward having larger "costs plus benefits" at
a 2000ms SOA, but had equivalent "costs plus benefits" to
young subjects at the 200ms SOA. These authors also found that
the neutral condition often elicited longer RT's than the
invalid conditions leading them to suggest that the neutral
may not have been truly "neutral" in their paradigm. Brodeur
and Enns (1997) also used a letter discrimination task and
found that the young subjects used in their study had
significant "costs plus benefits" at all SOA's (200ms, 400ms,
600ms, 800ms) while the elderly subjects had "costs plus
benefits" only at the 800ms SOA. They interpreted this to
indicate that the elderly subjects required a longer period of
time to make use of the cues than did young subjects. This
interpretation is consistent with that of Folk and Hoyer
(1992) . However, Hartley et al. (1990) found no differences in
the time course of the appéarance of "costs plus benefits"
between young and elderly subjects (i.e., both groups had
ncosts plus benefits" at 300ms and 500ms SOA's). Hartley et
al. (1990) presented each of the SOA‘'s in different blocks
while Folk and Hoyer (1992) and Bodeur and Enns (1997)
interspersed the various SOA's within trial blocks.

In summary, the research on visual attention and aging

has generally noted that healthy elderly adults are able to
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use cues to facilitate performance. The elderly have also
generally been noted to have larger "costs plus benefits"
compared with the young (for endogenous cue conditions). The
differences in "costs plus benefits" between elderly and young
subj eé.ts have been associated, by some researchers, with the
SOA used while others have found no relation between the two
(Hartley et al., 1990). Those who have associated differences
in "costs plus benefits" between elderly and young subjects
with SOA, have suggested that the elderly may require a longer
time to process information compared with healthy young adults
(e.g., Brodeur & Enns, 1997; Folk & Hoyer, 1992; Greenwood et.
al., 1993).

OTO CTIO GING

The literature abounds with studies examining motor
functioning and aging. This research encompasses numerous
perspectives and uses many different types of paradigms. The
following section will focus on cuing paradigms which have
investigated the effects of healthy aging on motor
programming, including kinematic studies of motor programming
(using hand or finger movements), as these studies are more
directly relevant to the current study.

For the most part, the literature on motor programming in
aging generally describes a slowing of RT, MT, and a lowering
of PV compared with young adults (e.g., Goggin, Stelmach &
Amrhein, 1989; Gottsdanker, 1980a,b; Stelmach, Goggin, &

Amrhein, 1988; Stelmach, Goggin, & Garcia-Colera, 1987; Roy,
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Winchester, Weir, & Black, 1993). However, aging does not
appear toc affect the ability to use advance information about
future targets to preprogram movements (e.g., Gottsdanker
1980a,b; Stelmach et al., 1987, 1988). Nevertheless, some
research has revealed that the RT but not MT differences
between young and elderly adults increase when a fewer number
of parameters are cued (e.g., arm or direction or extent
versus arm, direction and extent) (e.g., Stelmach et al.,
1987). Similar to some of the visual attention literature,
these results have been interpreted to indicate that elderly
subjects require more time to use cued information than do
young subjects.

Kinematic studies have attributed longer overall MT for
elderly subjects to either longer deceleration phases only
(e.g., Roy et al., 1993) or to both longer acceleration and
deceleration phases (e.g., Pratt, Chasteen, & Abrams, 1994)
compared with young adults. Some research has associated
longer MT for elderly subjects with a deficit in the ability
to process feedback (Larish & Stelmach, 1982; Stelmach et al.,
1987; Warabi, Noda, & Kato, 1986) while others have associated
it with a deficit in the ability to generate force and to
control force generation (Goggin & Stelmach, 1990; Pratt et
al., 1994; Stelmach, Goggin & Amrhein, 1988). Roy et al.
(1993) has suggested that a deficit in force generation is a
particular problem for elderly subjects, at the time of

movement initiation. In contrast to these findings, Walker,
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Philbin, and Fisk (1997) have argued that elderly adults are
able to produce equivalent force to that of young adults but
that they choose not to do so (i.e., they use a more
conservative approach than young adults). In support of this
hypothesis, they cite results of their research where elderly
subjects made more small corrective submovements when
positioning a cursor inside target boxes of varying sizes in
comparison with young subjects.

In a similar vein, Larish and Stelmach (1982) suggested
that elderly adults may be more deliberate in deciding upon
and choosing the appropriate response prior to initiating
movements in comparison with young adults. Results of research
examining accuracy of performance for young and elderly
subject groups is inconclusive. Elderly subjects have been
found to be more accurate than young subjects (e.g., Larish &
Stelmach, 1982), to have more errors than young subjects
(e.g., Stelmach et al., 1988), or to have equivalent accuracy
to young subjects (e.g., Hartley et al., 1990, experiment 1;
smith & Brewer, 1995; Stelmach, Amrhein, & Goggin, 1988).
Although both RT and MT have been noted to be increased in
elderly adults compared with young adults, it has been
suggested that there are greater differences in RT between
young and elderly subjects than there are in MT (e.g., Warabi
et al., 1986).

In summary, the above literature suggests that,

generally, RT and MT are slower and PV lower in elderly adults
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compared with young adults. However, elderly subjects have
been shown to be able to use cues in a similar manner to the
young to preprogram movements. There have been differences
noted in the trajectory of the movements of young and elderly
adults (e.g., differences in acceleration time, deceleration
time, and the number subcomponents or corrective movements
made) . Whether these changes result in greater accuracy is
inconclusive. These results (particularly those of kinematic
analyses) suggest that there may be differences in movement
programming that show up as differences in the movement
trajectory between elderly and young adults, and that changes
in motor functioning with aging may not be fully explained by
the widely accepted notion of a general slowing of reaction
time for elderly adults compared with young adults.

It has generally been the case that the literature on
motor programming and visual attention in aging have been
conducted in isolation from one another. However, one study
investigating motor programming attempted to incorporate an
analysis of the effects of shifts of visual attention on motor
programming. This study was conducted by Amrhein, Von Dras,
and Anderson (1993). They used a movement plan restructuring
task (based on Rosenbaum & Kornblum, 1982) where valid or
invalid cues for arm or direction or arm and direction were
provided. A four-light, two-column visual display and a
corresponding response panel were used. Trials began with the

subject pressing the home keys with both hands, followed by
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the 200ms presentation of the precue. This was followed by
variable preparatory intervals (250ms, 500ms, 1000ms and
2000ms) and then by target presentation. Upon target
presentation, the subject was to release the home key
appropriate to the lateral position of the target (i.e., left
or right hand) and press the corresponding target Kkey
according to its vertical position (i.e., up or down). Results
indicated that both elderly and young subjects were able to
use advance cues to preprogram a movement (i.e., RT shorter to
validly cued targets compared with invalidly cued targets).
However, at the 1000ms and 2000ms preparation interval, the
elderly subjects had faster RT for reprogramming direction
than for reprogramming arm alone or for arm and direction
(which were equivalent). There were no differences in MT as a
function of preparatory interval for elderly subjects and no
RT or MT differences as a function of preparatory interval for
the young subjects. The authors concluded that by the 1000ms
SOA, elderly subjects had "lost" the preparation for direction
(which accounted for the faster RT for reprogramming direction
compared with arm or arm and direction) and that the "loss"
was confined to the RT interval and was permanent (since it
remained at 2000ms). To examine the possible confound of
movement reprogramming with the reorienting of visual
attention, the authors used the same paradigm in a second
experiment but only required the subject to release the home

key when the target was presented and not to move the finger
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to the target key. Results indicated that in the valid
conditions (i.e., where it was considered there was no shift
of attention from cue to target presentation), that RT was
faster than on the invalid conditions, which were considered
to be composed of either a lateral shift of attention (arm
change from cued arm), a vertical shift of attention
(direction change from cued direction), or a diagonal shift of
attention (arm and direction change). Results indicated that
there were no effects of preparatory interval or of
attentional shift type (i.e., any of the invalid cues) on any
of the reprogramming parameters that had been noted on the
movement restructuring task (i.e., differences in the
preparation of direction alone compared to arm alone or arm
and direction at the 1000ms SOA and the 2000ms SOA for the
elderly). This was interpreted by the authors, to indicate
that the reprogramming changes revealed in the first
experiment were not due to age related differences in the
orienting of attention but to those associated with movement
programming.

The Amrhein et al. (1993) study represents an advance in
the investigation of motor programming and visual attention in
elderly subjects in that it attempted to separate the effects
of motor programming from shifts of attention (by attempting
to remove the need to preprogram a movement of the finger).
For this reason, it is particularly relevant to the current

study which also separated the effects of motor programming
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from shifts of visual attention. However, Amrhein et al.'s
(1993) study differs from the current study in that it used a
simple button press response. It also differs in that it used
a fairly complex analysis of shifts of attention in that it
examined three types of "orienting shifts" on invalidly cued
trials (i.e., lateral, diagonal, and vertical) in comparison
to no "orienting shifts" on validly cued trials. As well, it
incorporated four different preparatory intervals between cue
and target. Of most relevance to the current study was the
fact that the authors attributed the changes noted in the
movement restructuring task as a function of aging to be due
to age-related differences in movement restructuring and not
to age-related effects of reorienting of visual attention.

In summary, the literature reviewed above has provided an
overview of the differences involved in movements of healthy
elderly adults (e.g., slower RT, longer MT, lower PV, longer
deceleration times, variations in subcomponents of the
movements). One study to date has examined the potential
confound of shifts of visual attention and movement
restructuring. Most of the studies reviewed used the
manipulation of an object (e.g., computer mouse, pen, stylus,
rotational levers) rather than a pointing movement to a target
with the finger. Those that used a button press with the
finger did not use a kinematic analysis. While Amrhein et al.
(1993) examined shifts of attention and movement

restructuring, this analysis was limited to RT and MT and used
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a button press response. Goggin and Stelmach (1990) combined
visual cues with a kinematic analysis of motor programming but
they did not examine the effects of shifts of visual
attention. The following study combined covert shifts of
visual attention and advance information on pointing movements
(using a three dimensional aiming finger movement) and the
effects of aging.

0 SES - (0]

Cue Conditjon

For the elderly subject group, a number of hypotheses
regarding cuing effects were developed based on the literature
of visual attention, motor programming and kinematic analyses
as well as the results of the young subject group used in this
thesis. They were as follows:

Informational cues that provide valid information were
expected to provide an advantage of movements for RT, MT, and
PV for both the Exogenous and Endogenous Paradigms (i.e.,
valid conditions were expected to have an advantage over
invalid conditions). Based on the results of the young subject
group, the percentage of the movement that took place in the
deceleration phase of the movement and the overall accuracy
were expected to be equivalent in the valid and invalid cue
conditions of both paradigms. As was hypothesized (and found)
for the young subject group, RT was expected to be faster for
the Exogenous Paradigm compared with the Endogenous Paradigm.
Based on the results of the young subject group, the neutral
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condition was not expected to fall between the valid and
invalid conditions.

Between Group Effects

The elderly subject group was expected to have slower RT,
longer MT, and lower PV than the young subject group. If the
elderly subject group had a greater focus on accuracy than the
young subject group (as some literature suggests), they were
expected to have a longer percentage of the movement conducted
during the deceleration phase than the young subject group and
a resulting greater accuracy than the young subject group.

The elderly subject group was expected to have larger RT
n"costs plus benefits" than the young subject group. Since, in
the literature, this effect has been found in studies
examining covert shifts of attention, the larger RT “costs
plus benefits" were expected in the Exogenous Paradigm.
However, since it has also been suggested in the literature
that elderly individuals may take longer to use information
compared with young individuals, it was possible that the
elderly subject group would have larger RT "costs plus
benefits" compared with the young subject group in the
Endogenous Paradigm as well (i.e., they would take longer to
make changes when presented with a cue that was determined to
be invalid).

Hemi ¢ T t Positi Effect

The pattern of results for the elderly subject group was
expected to be equivalent to those of the young subject group,
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since there has been no research finding laterality
differences based on age. Thus, it was hypothesized that: MT
would be shorter and PV higher for movements to targets in the
ipsilateral compared with the contralateral hemispace. Percent
deceleration was expected to be longer for ipsilateral
compared with contralateral movements and resultant error was
expected to be equivalent for ipsilateral and contralateral
targets.

Meridian Effect

There was no traditional meridian effect for the young
subject group (i.e., RT faster when cue and target were in the
same hemifield compared to when they were in the opposite
hemifield). The fact that the young subject group may not have
shifted attention may have accounted for this. If the elderly
subject group shifted attention in the Exogenous Paradigm, it
was hypothesized that there would be a meridian effect for RT
in the Exogenous Paradigm. Based on the results of the young
subject group, no meridian effect was expected for the

Endogenous Paradigm.
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METHODS

Subjects

Subjects were 15 healthy elderly adults (13 females; 2
males) who were recruited from an ongoing aging study
(Canadian Study of Health and Aging) and from community
volunteers. There was a significant difference in gender
between the young and the elderly subject group (chi square =
3.96, p < .05) with the elderly subject group having a greater
number of females and a fewer number of males than the young
subject group (8 females, 7 males). Mean age for the elderly
subject group was 69.5 (SD = 5.3) with a range of 58 to 77
years. Mean level of education was 13.4 years (SD = 3.2) with
a range of 6 to 18 years. The education level of the elderly
su